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THIRD SESSION. 



ADJOURNED SECOND ANNUAL 
GENERAL MEETING & FIRST 
ORDINARY MEETING. 



The Adjourned Second Annual General Meeting and 
First Ordinary Meeting of the Third Session was held on 
Wednesday evening, November 22nd 1893, in the Lecture 
Theatre of the Geological Museum, Jermyn Street, S.W. 
Mr. J. H. Collins (Vice-President) occupied the chair. 

The Vice-President, in opening the proceedings, said : 
Gentlemen — Our first business is to hold the Adjourned 
Second Annual General Meeting, and that will take us but 
a very short time. The proceedings will include the recep- 
tion of the report of the Council, containing a statement 
with reference to the accounts for the financial year ending 
February 28th 1893. 

The Vice-President then read the following Report of 
the Council : — 

To the MemberSy Associates, and Students of the Institution. 

Gentlemen, — ^Your Council have pleasure in submitting 
to you their Eeport for the year ending February 28th 
1893, and, in doing so, regret that the severe and 
prolonged illness of their Hon. Secretary has prevented 
it being presented at the proper time. 

They would briefly remind Members that the estab- 
lishment of the Institution dates from the 13th 
January 1892, when a faceting of Mining & Metal- 
lurgical Engineers was held at Winchester House, 

1 
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Loudon, E.C., for the pnrpose of considering the 
expediency of forming such an Institution. The First 
General Meeting of the Institution was held, by kind 
permission of the Lords of the Committee of Council on 
Education, on May 18th 1892, in the Lecture Theatre 
of the Museum of Practical Geology, Jermyn Street, 
London, S.W. There was a large attendance of 
Members, Associates, and Students, and of gentlemen 
connected 'with the interests embraced within the scope 
of the Institution; and Mr. George Seymour. A.B.S.M., 
Mlnst.CS., delivered his Presidential Address. 

Since this time, 10 meetings have been held at the 
Museum of Practical Geology, at which the following 
Papers have been read and discussed : — " Mining in 
the Malay Peninsula : A Field for Mechanical Appli- 
ances, Hydraulicing, and Electric Transmission of 
Power," by Mr. H. M. Becher (Member). "AuriferouB 
Ironsands, and a New Method of Profitably Extracting 
Gold therefrom," by Lieut. W. B. Basset (Associate). 
" The Industry of Mining," by Mr. A. G. Charleton 
(Member). " Gold Amalgamation," by Mr. C. G. Wam- 
ford Lock (Member). " The Decomposition of Auric 
Chloride obtained in the Chlorination of Gold-bearing 
Materials," by Mr. Claude Vautin (Member). "The 
Mining District of Oporto," by Mr. Frank Merricks 
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last Beport was issued 120 gentlemen have been 
admitted to the privileges of the Institution. 

George Seymour, PresidenU 

Geo. a. Ferguson, Hon. Secretary. 

The Vicb-Prksident then said : With regard to the 
accounts and the publications, which are long overdue, 
the Council can only promise you that they will be out 
now as soon as possible. Circumstances which have been 
a good deal beyond control have occasioned much delay, 
but things are now in train for their proper issue, and 
it will not be very long before you will get all that you 
ought to have had in that way. 

The report of the Council was adopted unanimously. 



The First Ordinary Meeting of the Third Session was 
then commenced. The Secretary (Mr. Ernest H. Peers) 
read the minutes of the last meeting, which were duly con- 
firmed. 

Professor A. K. Huntington (Vice-President) then 
took the chair while Mr. J. H. Collins read the following 
paper :— 



C 4 ) 

;ON THE ECONOMIC TREATMENT OF 
LOW-GRADE COPPER ORES. 

Bt J. H. CoLLiKS (Vice-Prendent). 



SUMMARY. 

Saa I. ISTEODDCTOET : — 

Definition of Copper Ores. 
Variety of Copper Ores. 
Low-grade Ores, 
Chemical Classificatioa : — 

1. Sulphides. 

2. Oxidised Ores and Haloids. 

3. Native Copper. 
General Remarks. 

SlO. II. MeCHANICU. COKCEHTEATIOII : — 

Clasaification. 

Crashing and Wet^ Concentration. 

General Principles of Mechanical Concentration. 
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Sic. Y. Fctbnack-Calcination Methods:— 

Oeneral Remarks. 

Kiln-Eoasting. 

Famace-Calcination. 

Bankart's Process. 

The Linz Process. 

The Longmaid Process. 

Pena del Hierro Process. 

The Hunt and Douglas Processes. 

Sic. VI. Copper-Peecipitation : — 

Copper-Precipitation with Iron. 
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Character of the Precipitate. 

Quantities of Water Used. 
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Precipitation as Sulphide, 

Precipitation as Chloride. 

Sic. VII. Raw-Smelting Methods : — 

General Conditions. 
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Smelting of Fines in a Blast-Fumace. 

Smelting to Black Copper. 

Sec. VIII. Concluding Remarks : — 

Scale of Working. 
Choice of a Process. 
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The Utilisation of Bye-Products. 
General Conclusions. 
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Sbctioh I. — Intboductoet. 

Definition of Copper-Ores. — In a general way this term 
may be beld to include all minerals which contain copper 
in not too minnte proportions, and to a greater value than 
soy other substance present, although they may not exist 
in workable quantities. From tbe point of view of tbe 
practical miner tbe term is somewhat more limited in its 
application, for it implies the idea of workable, or at least 
considerable, quantity.* 

Variety of Copper Ores. — ^A reference to any feirly 
complete work on mineralogy will ehow that there are 
considerably more tban one hundred distinct mineral species 
which fall fairly within the terms of the foregoing definition, 
besides nearly an many more which are excluded by it 
though they contain normally from one-half up to 5 per 
cent, of copper. This great variety of copper ores contrasts 
strongly with the practical unity of tin ore, which can 
hardly be said to exist except as tbe oxide cassiterite, for 
tbe supposed sulphide known as stannite, or tin pyrites, 
has usually been treated as a copper ore, the tin being 
lost in the process of smelting. Even in stannite the 
tin appears to exist mainly, if not exclusively, as peroxide; 
however, tbis mineral has seldom occurred in such quantities 
as to be of mnch commercial or economic iniportance.t 
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the most important sources of copper in the present day 
are certain *' low-grade '' ores, containing in general from 
less than 1 up to 3 per cent, of copper. Such are the vast 
masses of cupreous iron pyrites of the Sierra Morena and 
elsewhere, the amygdaloid and conglomerate beds of the 
Lake Superior region, with their disseminated particles of 
native copper, the bituminous schists of Mansfield im- 
pregnated throughout with sulphide ores, and many other 
disseminations and impregnations to be hereafter referred 
to. These are the ores with which the present paper is 
particularly concerned, though the tailings from richer ores 
may also come within its scope. Some typical examples 
are given in the following table : — 

TABLE I. 

Examples of Low-Grade Copper Ores. 

A,— Ores Wrought for their Copper Alone. 

Name of Mine. Copper Per Cent. Hemarks. 



1891 ... Atlantic Mine, Lake Superior 

1891 ... Osceola Mine, Lake Superior 

1882 ... Rio Tinto, Spain 

(calcination mineral) 

1882 ... Maidenpec (Brankovitz), Servia 

1882 ... Maidenpec (Staritza), Servia 

1875 ... Alderley Edge, Cheshire 



0*65 ... Native copper in 
amygdaloid. 

1*40 ... Native copper in. 
conglomerate. 

2*20 ... Cupreous pyrites. 

• • • 

2*00 ... Siliceous sul- 
phides. 

3*00 ... Argillaceous and 
oxidized. 

1'40 ... Oxidized copper 
in sandstone. 



B, — Ores Wrought for Copper and Bye-Products. 

Rio Tinto (exportation mineral) ... 3 *50 ... Cupreous pyrites. 

Mansfeld, Germany 2*60 ... Bituminous 

schist. 
1*60 ... Pyritous, silice- 
ous, arsenical, 
&c. 
2 '00 ... Pyritous, silice- 
ous, and ar- 
senical. 

In addition to the foregoing there is a vast number of ores 

and metalliferous spars, which^ containing only small pro- 



1878 
1879 



1876 ... New Consols, Cornwall 



1890 ... Devon Consols, Devon 
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portions of copper, ore either of greater importance for 
■ome other component (thongli thaj may yield copper as a 
bye-prodnot wlien metallnrgically treated), or else are of 
too rare occnrrence to be of any importance as a source of 
this metal. 

Chemical Glassificalion of Copper Ores. — Ores of copper 
aa here defined comprise almost eveiy variety of form, 
colonr, and lustre ; the difFerences of density are very great, 
and the physical constitation ranges from very brittle, or 
eren pnlvemlent, to an extreme degree of tonghness. 
There is also great variety of chemical constitation, the 
copper occurring not only in the native state and remark- 
ably pure, but variously combined with other elements, 
M solphides, arsenides and antiinonides, oxides, sulphates, 
carbonates, arseniates, phosphates and silicates, chlorides, 
bromides, and iodides; these, too, occurring both simple 
and compound, some anhydrous, others hydrated, some 
very solable, others highly insoluble^including, in fact, in 
Bome form of combination, a great majority of the known 
elements. 

In considering the nature and treatment of these 
different ores it will be found convenient to group them 
in the first instance as sulphides, oxidized ores and haloids, 
and native copper. 

(I.) The Sulphide Cusa includes all nuoxidized 
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well as the silicates and lialoids are mostly hydrous, though 
occasionally anhydrous. 

(8.) Natiyi Coppib occurs in many formsi as grains, 
scales^ plates, and lumps. It is occasionally associated, or 
even alloyed, with other metals, but is in general extremely 
pure. 

Section IL — Michanical Concentbation. 

Copper ores, of whatever chemical composition they 
may be, are seldom sufficiently rich as raised to be at 
once sold, so that some form of concentration at the mine 
is nearly always necessary, either mechanical, by '' wet *' 
chemical methods, by smelting, or by some combination 
of these. And, of course, this is absolutely essential with 
low-grade copper ores of whatever class, unless they contain 
components of value sufficient to pay all transit charges, 
apart from the value of the copper itself. 

Classification. — For really low-grade ores, the simple 
and effectual method of hand selection is not generally 
applicable, and even when it can be used with advantage, 
as at Yigsnaes in Norway, there is nothing special in its 
application, so that it may be here passed over; in fact, 
the primary classification is rarely more than a rough 
screening or sizing, and even this is often omitted. 

In general it is only ores of the first and third classes 
that are suited for the ordinary methods of mechanical con- 
centration with the aid of water, while diy mechanical 
processes, though frequently attempted, have not yet proved 
commercially successful in any place known to the writer. 
Ores of the second class, unless of exceptional density and 
compactness, are found to suffer such heavy losses when 
finely crushed for wet concentration, that the method is only 
employed as a makeshift. Moreover, some ores like Cyano- 
site and Atacamite are actually soluble in water or in 
aUghtly acid solutions, while others like Chrysocolla hardly 
differ in specific gravity from ordinary veinstones. 

Crushing and Wet-concentratio^i, - — The methods of 
mechanical concentration in ordinary use for copper ore9 
scarcely differ from those employed for other metallic ores. 
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KO that it is not Decessary to do more than bneflf refer to 
them here. For ores of the first class, and particularly for 
Chalcopyrite, also for those of the second class when 
mechanical concentration can be employed at ^1, stone 
breakers, crushing rolls, and jigs, are preferred in sU cases, 
while stamping and huddling are only employed in the last 
resort, becanse of the serions losses which occur in the 
slimes thus prodnced. 

A good example of mechanical concentration of a pyri- 
tons ore has long been afforded by the works at Vigsoaes 
mine, on the West Coast of Norway, where lai^ bodies of 
cnpriferoua pyrites occurring in slate rock, and much re- 
sembling the Spanish ores ore eztensirely worked. The 
ore as raised from the mine is hand-picked by boys into 
three sorts : 1st, clean pyrites in Icmps and containing from 
two to two and a-half per cent, of copper, which is exported ; 
2nd, pieces of pyrites mixed with quartz or slaty rock ; and 
Srd, waste rock, which is comparatively small in amount. 
Class 2, together with the mine-smalls, is crushed by stone- 
breakers and rolls, and carefully sized by Fevolving trommels, 
each size being jigged in the ordinary way. The slimes are 
also dressed on Linkenbach revolving tables, it being found 
that the concentrates so obtained from the finest slime are 
considerably richer in copper than those from the coarser 
siaes. A similar process is used in most of the other 
lyrites mines of Norway, but ib ia more noticeable at 
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powerful stamps and some of the most complete milling 
arrangements in the world are in extensive operation upon 
low-grade ores yielding exclusively native copper. For 
there are single stamp-heads of the steam-hammer type 
which crush over 200 tons of ore in each 24 hours; 
while some of the mines which have the advantage of an 
abundant water supply, without the necessity for pumping, 
are able to raise and treat ores of extremely low grade. 
Thus, at the Atlantic Mine, the cupreous amygdaloid only 
yields about 0*6o per cent, of copper, which, in the year 
1891, was raised and treated at an average cost of 5s. lid. 
per ton. This remarkable result was reached by a well- 
arranged system of stamping, followed by the use of V 
separators, jigs, and slime tables, and dealing with nearly 
1,000 tons per day. The details of cost were as follows : — 

s. d. 

Mining costs, including hoisting, per ton 2 11 

Transportation to mill, stamping, and dressing ... 1 2 

Working and administrative expenses 1 1 

Smelting to bars and freight to New York 9 

5 11 
Profit ... ... ... ... ... ... ... 6 



Value of Ore... 



It is obvious that such results as these can be arrived at 
only under extremely favourable conditions, among which 
may be mentioned the great and uniform thickness of the 
ore-bodies, their unusual softness, the fact that very coarse 
stamping suffices to liberate most of the copper from the 
veinstone, and the cheap and abundant water supply, 
allowing of the use of nearly 40 tons of water in the 
treatment of each ton of ore.* 

♦ At West Basset Tin Mine in Cornwall, about the year 1877, 
87 tons of water were used in tlie treatment of each ton of tin-stuff for 
stamping and dressing. See Hocking, Proc, Min. Inst, Corn, XL, 
p. 23, 1877. 
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The ore is croBhed so as to pass tbrongli holes of about 
S-ieths of an inch diameter, or slots of 5-16ths b; 2-16thB, 
and it passes direct to the hydraulic separators, which are 
very extensively used at the Atlantic and other mines in the 
Lake Superior District. These consist of V shaped wooden 
troughs about 16 feet long, and constructed with an inner 
and an outer compartment. The inner trough is about 
1 foot wide at the top, and 1 foot deep. The bottom is 
about I inch wide, and has four longitudinal slots cut in it, 
each about 1 inch wide, and from 4 to 9 inches Itmg; the 
longest being at the head, where the stream of eand from 
the stamps enters. The slots open into the outer trough, 
which ia of the same form as the inner, but separated from 
it by an inner space of about 8 inches. There are four 
openings in the bottom of the outer trough, each corre- 
sponding with one of the slots of the inner trough, and 
fitted with a discharge pipe, which leads direct to a jig. 
The outer trough is kept nearly full of water by a separate 
supply pipe, the surface being maintained at a little higher 
level than the stream of sands flowing along the inner 
trough. There are, therefore, upward currents through the 
slots which only permit the passage of those particles which 
are heavy enough to overcome their resistance ; the heaviest 
and coarsest pieces falling through the first slot, the next 
falling through the second, and so on; while the slimes 
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istages of the concentration process without the necessity 
for handling — always a very costly a£Fair where wages are 
high and boy labour is not to be had. Where the much 
harder conglomerate is worked the costs are^ of course, 
considerably higher, yet the total working expenses rarely 
exceed 9s. per ton in the more-extensive and best-managed 
mines^ such as the Osceola. 

Of course, there is a certain loss of copper in this as 
in all processes. It consists partly of oxide of copper but 
principally of minute particles of metallic copper (float 
copper) which are carried away by the water, and partly, 
too, of minute particles enclosed in fragments of veinstone 
which have not been sufficiently reduced to liberate the 
copper. But the proportionate loss is certainly very 
small. 

General Principles of Mechanical Concentration, — ^I am 
not aware of anything which calls for special remark in 
the mechanical concentration of copper ores at other 
mines, and I need hardly insist on the fact that the 
general principles are the same whatever the kind of ore. 
The ores must be crushed to the degree necessary to free 
the ore-particles from the veinstone but not to a greater 
degree, the greatest advantage possible must be taken of 
differences of specific gravity as well as of the prevailing 
difierences ot form subsisting among the particles, the 
works must be so arranged that the sequence of operations 
may be aided rather than impeded by the force of gravity, 
and the machinery employed must be as far as possible 
automatic in its action. 

Section III— ^Chemical Methods without Calcination. 

Introductory RemarTcs. — The so-called chemical methods 
are very numerous, but they all involve the two processes 
of solution and precipitation. In dealing with this part 
of the subject I shall in the present paper confine my 
remarks almost entirely to those which have been, or can 
be, successfully employed by men possessed of practical 
experience and skill, but without systematic chemical 
training. 
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(1.) Air Oxidation Process. — Thia is the simplest of 
all processes, but it is scarcely applicable, except to ores 
of the (1st) class and not to all, even of tbem> The raw 
pyritoas ores are expose<3, preferably in a moist state, to 
the oxidising action of the air. This process which goes 
on very rapidly with Bome varieties of cupreons iron 
pyrites, and in particular those of the Sierra Morena, is 
of course one of the cheapest, and doubtless, too, the 
oldest process of all, except the smelting of the richest 
picked ores in small blast furnaces. It may have been 
suggested by observation of what goes on in the old 
workings of pyritoas copper mines ^or of the waters flowing 
from snch, which are usually charged, and sometimes 
very highly charged, with soluble salts of copper and 
iron ; or even from the observation of natural copper 
liquors flowing from deposits which have been laid bare 
by denndation. Or, it may bave been first noticed in 
connexion with the waste heaps of such mines. Thus 
at Bio Tinto and other mines in the neighbourhood of 
the Sierra Morena, very considerable quantities of copper 
precipitate bare long been obtained from the natoral 
waters issuing from tbe adit levels or percolating through 
the waste heaps after rain. 

Copper was precipitated from the waters of the 
Chacewater Mine in Cornwall, by Mr. Coster about 170 
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thus gone to waste in Falmouth Harbour since the 
opening of the Gwennap Mines a century and a-half 
before.* 

By the year 1864 a mile and a-quarter of the valley was 
occupied by precipitation works^ and the annual product of 
precipitate was about 90 tons, which varied from 6 J up to 
over 60 per cent., with an average produce of about 40 
per cent.-f- 

These are the poorest natural copper liquors I have 
known to be worked. The richest were the so-called tunnel 
liquors at Rio Tinto, which, in the year 1883, from June to 
September, gave an outflow of 960 cubic metres per day — 
or, say, nearly 150 gallons per minute — containing nearly 
50 grains to the gallon, or over 500 times as rich as the 
Cornish adit water. 

Two other streams of copper liquor flowed from the Rio 
Tinto Mines, the average total outflow being, at the time 
named, about 480 gallons per minute, and the average 
copper contents nearly 26 grains per gallon, so yielding 
considerably over a ton of fine copper each day. 

In the following table I have compared the yield of fine 
copper from certain natural mine waters at the periods 
named :— 



TABLE 


II. 










Grains of 






(Gallons 


copper 


• 




per minute. 


per gall. 


Great Adit, Cornwall (1854-68) 


• • • 


9,000 


•08 


Paxy's Mountain, Anglesea (1862-66) 


130 


1-30 


Cronebane, Wicklow (1791)... 


• • • 


— 


300 


Wheal JoBiah, Devon (1866) 


• • • 


— 


4-80 


Connoree, Wicklow (1838-9; 


• • • 


80 


6-00 


Wheal Maria, Devon (1866) 


• • • 




7-60 



* The calculation seems too low, it must have been more than 
twice that quantity. 

t The waters still contain traces of copper now that the copper 
mines have been stopped for over 20 years, but the quantity is so small 
that the precipitation works have, I believe, at last been entirely 
given up. 
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*Rio Tinto (1) Tnunel (ise3) 
Rio Tinto (2), San Dioniaio (IBB3) 
Rio Tinto (8), North Lode (1BB3) 
Kio Tinto, avenge of 1, 2, A 3 (1683) 

la all theBe, ss iu nearly all other > 
material nsed for precipitating the copper, 
employed, and the resalts obtained, will be dealt with 
hereailer. 

Matnrally oxidised heaps of cupriferona refuse are often 
treated with advantage by causing water to percolate 
through them at intervals, alternating with periods of 
repose. The liquors so obtained are usually very much 
richer than those naturally issuing from adits or from old 
waste heaps, and they may be still further enriched by 
using them for washing heaps of crashed ore or natural 
raw emails. 

(2) The "air-aalt" proeeaa is precisely the same, except 
that about 1 per cent, of common salt is added to the heapa 
of fines, with the objects (a) of hastening the oxidation, or 
of, at any rate, rendering the copper more soluble ; or (b) 
of converting small traces of silver into chloride, which 
subsequently passes into solution with the copper, when the 
heap is washed by a flowing stream or lixiviated in tanks. 
Oxide of manganese has, in some cases, been added to the 
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The best results in air-oxidation are realised when stores 
of burnt and partially washed ore from old heaps are avail- 
able for mixing as hereafter described. 

(3.) Add Solution Methods. — The methods (I and 2) are 
really effective because acid liquors are produced by the 
gradual oxidation of the sulphur. Direct acid methods are 
scarcely applicable except to ores of the second-class (oxides, 
carbonates^ and haloids^ but not silicates)^ and only then if 
waste acids are to be obtained cheaply, and where the vein- 
stone is not acted upon by the solvent. At Alderley Edge^ 
in Cheshire, hydrochloric acid was formerly used for that 
purpose. The ore at these mines consisted of sandstone 
rock, containing disseminated particles of carbonates and 
oxides of copper with little admixture of sulphides. This 
rock after crushing was treated with waste dilute hydro- 
chloric acid from the St. Helen's Chemical Works, then a 
waste product. By this means a strong solution of cupric 
chloride was ultimately obtained, which was afterwards 
precipitated at a profit. A similar process was formerly in 
use on the same kind of cupriferous sandstone at Waldeck, 
in Germany, and doubtless in many other places, but with 
the present low price of copper it is hardly likely that such 
processes can be made to pay. 

It is obvious that such a method would not be practically 
available in the case of sulphide ores, nor of ore particles 
embedded in a calcareous veinstone, even if already oxidised. 

When the copper exists as metallic particles, the cheaper 
acids such as hydrochloric and sulphuric have very little 
action upon it. In such cases the use of the far more 
expensive nitric acid has often been suggested, but it has 
never been applied on the large scale, for obvious reasons, 
and, in fact, direct mechanical methods of concentration are 
far more effective in all such cases, as well as far cheaper 
than any chemical method yet proposed. 

Section IV. — Open- Air Methods Involving Calcination. 

Calcination in Heaps, — This method can hardly be 
applied except to ores of the 1 st class, rich in sulphur and 
poor in copper. It is often called the ^' Eio Tinto '^ process, 

2 
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thoQgh it did not; originate there, »Dd is not the only 
important procesa there used. The object of the procees is 
to facilitatQ the oxidation of both sulphur and copper, 
allowing the excess of oxidised sulphur to pass away as 
Tapour, and producing soluble copper sulphate — with of 
oonrae much iron sulphate — at the same time. 

The same effect could, of course, be produced more quickly 
by roasting in kilns or " burners," and this plan is occasion- 
ally adopted when time is of importance — and particularly 
when the excess of sulphur is to be utUised — but these con- 
ditions are rarely existent at the mines, and in most cases 
calcination in heaps is cheaper and requires far less plant 
and far less skill. At Eio Tinto the ores as raised from the 
mine are bnilt up into heaps (teleras) which have gradually 
increased from about 100 tons up to SOO, 1,000 and 
in some instances as much as 1,500* tons with progressive 
advantage. As regards cost of building and consumption 
of fuel, the plan adopted is to build rude flues of loose 
stones on the ground. These are made from 15 to 18 
inches high and 12 to 15 inches wide, extending from 
the outside to the chimneys, which are similarly built at 
their intersections. The cover-stones having been loosely 
laid over the dues, except at their intersections, pyrites in 
lamps as large as a cocoa-nut or even larger is th en carefully 
piled around and the telera is built up to the reqnired 
dimensiODB, preferably of fragments a little larger than road 
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bastion is controlled by the attendants. The outer portions 
of the heap are often broken down and carried away for 
washing while still warm^ and before the interior of the heap 
is fully bnrnt^ especially when ore is wanted for the washing 
tanks^ and indeed there is some advantage in washing it 
while warm in many cases. The whole cost of this calcina- 
tion at Bio TintOj including all labour in building and in 
breaking down^ as well as the cost of fuel^ does not exceed 
from Is. 3d. to 2s. per ton of crude ore. 

Washing, — When the calcination is completed the 
heaps are broken down and removed, any unburnt portions 
are set aside for re-burning, while the bulk is washed with 
water, sometimes by causing a small stream to percolate 
through the mass, but preferably by placing it in tanks and 
allowing the water to act upon it for a considerable time. 
In this wav it is found that, from ores which do not 
contain more than 2 J per cent, of copper, rather more 
than three-fifths of the copper can be at once dissolved 
out, and most of the remainder can be got out little by little 
by subsequent washings at intervals of a year or so, during 
which air-oxidation proceeds. A good method of washing 
burnt ore in tanks is that employed in Spain for many 
years. The ore is loaded while still warm into side tip 
waggons holding two tons or more, and from these it is 
tipped direct into the tanks, which are constructed of rough 
masonry and cemented or asphalted inside. At Eio Tinto 
they were formerly made about 2 feet deep, from 10 to 
14 feet wide, and from 30 feet upwards in length. They 
are now preferred 3 feet deep and not over 8 feet wide, 
which is found more effective in working and cheaper* 
They have a false bottom of rough planks, between which 
the copper liquors make their way to small chambers in 
the corners provided with exit pegs at different levels. The 
tanks, being charged with ore, are then filled with water, 
and this is left on the pre for 24 hours before it is drawn 
off. A second, a third, and often as many as eight to ten 
separate washings are given to the ore— the later ones 
being effected much more rapidly, generally at 12-hour 
intervals, so that the whole washing is completed in about 
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s week or eight days. The washed ore {limpia de pilonea 
or descargaj is again loaded into waggons and taken away 
to the ierrero, or waste heap. The e£Eect of this calcination 
and washing at Bio Tinto is well shown in the accompanying 
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The liqaor flowing from the washing tanks varies, of 
conrse, very much in strength at different times, according 
to whether it is the first or a later washing. Of coDrse, the 
last washings of all are very weak, and, whenever it is 
possible, these are nsed for washing fi-esh batches of ore. 
There being a very large number of washing tanks, a 
brown " ferric " liquor is obtained by mixing the various 
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Ferric Liquor Process/' The latter is invariably the most 
advantageous course to adopt, as not only does it cause a 
great saving of iron in precipitation^ but greatly increases 
the yield of copper from the raw ores themselves. Pumping 
of strong liquors is, however, to be avoided as far as 
possible, and it is preferable to raise the washed ore up an 
incline to the waste heaps, where the natural levels are not 
convenient. 

The Maidenpec Process. — ^This was for some years 
employed at Maidenpec, in Servia ; it may be regarded as 
the Eio Tinto process modified, so as to deal with ores 
containing much more silica and much less sulphur, and 
which are mostly in the condition of smalls. Such ores 
could not be roasted without preparation in large heaps, as 
at Eio Tinto, but it was found that they could be pressed 
into briquettes and left to dry and harden, after which they 
could be effectually burned in heaps of about 300 tons, 
which, however, required much more fuel to start the com- 
bustion than the Eio Tinto ore, and burnt much more slowly. 

The burnt ore was washed in tanks, and precipitated 
with cast iron, special precautions were taken to obtain a 
good precipitate (92 % copper) by working the solutions at 
a temperature below 65° F., keeping the tanks covered, 
and stopping the precipitation before the solutions were fully 
exhausted. The spent solutions were used over and over 
again for washing the *^ roast,'' thus avoiding a certain loss 
of copper, but necessitating an occasional " regeneration " 
by blowing in air, which precipitated a large quantity of 
peroxide of iron (ochre), sufficient to pay for the air-blast. 
The cost of plant and erections for treating 10,000 tons of 
ore per annum is given at £4,000, the wood, stone, and 
lime being supplied from the Company's property. The 
cost of treating the ore is given as follows : — 

Mining cost per ton 
Transport 
Eeduction charges 
Administration 



Total 
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10 
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10 
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Tbese figures are certainly very low, labour being 
very cheap ia Serria. BeckoQing on obtainiDg IJ per 
cent, of copper (from ore averaging about 2 per cent.), 
the cost of tbe copper is about £35 per ton. Ore of 
2^ per cent, yielding about 1^ per cent, direct, and the 
remainder at the rate of ^th of 1 per cent, per annum, 
can be worked to yield copper at about the same cost.* 
Xo particulars are given of the quantity of water used, of 
the etreugtb ol the solutions, or of the consumption of iron. 

Ferric Liquor Processes. — The open-air calcination 
process would, no doubt, have continued to be the only 
one used for the ordinary Bio Tinto ores, but for the 
smoke nuisance, which at last became so great, that no 
further extension of the process was allowed. As it is, 
probably not less tban 1,000 tons of ore per day are 
oxidised with an average loss of 30 per cent, of sulphur 
■ — thus 300 tons of sulphur or 600 tons of sulphurous 
acid, pass into the air daily, destroying the vegetation 
for miles around and rendering life a burden, not only 
to many of tbe people employed at the mines, but also 
to tbe villagers, in some cases as much as 20 miles away. 
Already in 1878, open-aii- calcination had been forbidden 
at the mines of Santo Domingo in Portugal, and a term 
(often since extended) had been placed on its continuance 
at Eio Tinto. At any rate, it was obviously out of the 
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through them; part of the copper in the said raw ores 
being thereby rendered soluble. The same result is 
obtained if the washed burnt mineral itself is mixed with 
raw smalls^ and both are subsequently washed with water. 
This has been called the "Ferric Sulphate" process.* 

The Joly, or Doetsch, Process, patented by M. Joly 
about 20 years since^ and afterwards known as the first 
Doetsch process^ may be regarded as a modification of that 
just described. To produce what was supposed to be a 
very effective ferric liquor without the use of burnt ore 
several modes were adopted, as follows :— 

(1.) Sulphate of iron was heated in a reverberatory 
furnace, and the " ferric salt '^ so produced was mixed with 
the raw mineral before it was lixiviated. 

(2.) Sulphate of iron was mixed with salt and similarly 
heated, the fumes produced being carried into a condensing 
tower, through which *' spent liquor '' from copper pre- 
cipitating tanks was made to fall, thus producing a 
" regenerated liquor/' which was used for washing raw ore. 

(3.) The sulphate of iron was similarly mixed with 
peroxide of manganese, and the fumes were similarly 
employed in producing a ** regenerated liquor.^' 

In modifications 2 and 3, the vapours were supposed to 
contain free chlorine, which, as well as ferric chloride, has a 
very energetic action on cupreous pyrites. This was, of 
course, not the case with No. 2, though large quantities of 
hydrochloric acid were present. In No. 3, some chlorine 
was produced at certain stages of the heating, but only to a 
very small extent. 

How little effective this process in its various modifica- 
tions proved itself at Bio Tinto maj be seen by the fact 
that the great " Estacion " heap, after three years' washing, 
still contained more than half its copper in its original 

* '^My experiments have conclusively proved that a better result is 
obtained when burnt ore and raw smalls are mixed and washed to- 
gether, than when the liquors from the burnt ore are used to wash the 
crude smalls. When I left Hio Tinto in 1888, the mixed washing was 
was being more and more extended." — H. F. Collins (private com- 
municationj. 
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insolcble Btftte. Still, the copper so liberated w&s obtained 
very cheaply, and Trithoat the serioas inconTenience of the 
solphar smoke irom open air calcination, which, as already 
stated, conld not be extended however mnch it was desired 
to increase the scale of operations at the mines. Moreover, 
the copper remaining in the ore is still being gradoally 
oxidised and washed ont, and is thas obtained at little 



The so-called Doetsch process, as now very extensively 
employed at Kio Tinto, is little more than a combined " air 
salt " and " ferric liqnor " process, and the immense heaps 
of partially exbansted ores thns form valuable reserves.* 

Ordinarily the liquors from such heaps are less concen- 
trated than are those coming direct from newly-bumt ore, 
yet by carefully localising and regulating the water supply 
and causing the same waters to flow through a considerable 
column of ore, very strong liquors may be obtained, as may 
be seen from the followiiig examples : — 

jogn Grains of Copper 

per gallon. 
Station heap — average outflow for five and a- 

half months 120 

Los Planes heap — average outflow for five and 

a<half months ... ... ... ... 301 

Aug. 19. — 'Los Planes heap — average outflow 

for twenty-four hours ... ... ... 486 
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(d.) There must be a considerable and often a large 

supply of water available. 
(e.) The copper must not be mainly in the condition 

of chalcopyrite or other " rich " sulphide. 
(f.J It must not consist entirely or even mainly of 

fines. 

In many cases some of these conditions are lacking, 
when recourse is had to some form of kiln-roasting, and 
kilns are sometimes used even when none are lacking^ with 
the object of utilising the sulphur or some other product 
that may happen to be present. 

Kiln'roasting.-^YThen the ore is burnt in open stalls or 
in kilns, the partial oxidation of the copper and the removal 
of the sulphur are effected much more speedily^ the ore 
being in the kiln only a few days, or even, in some instances, 
for a few hours, as in making sulphuric acid. The sulphur 
is even more completely removed, but the proportion of 
soluble copper is somewhat less in the first instance, though 
a short exposure of the roasted ore to air and moisture 
soon equalises the product in this respect.* 

Furnace'roasting. — ^When furnaces are employed with- 
out the addition of chemicals they are only suited in general 
for the treatment of sulphide ores, but by using chemicals 
(usually salt) furnace treatment may be applied to all kinds 
of ores if the conditions are otherwise suitable, and not too 
expensive, with the further advantage that, not only the 
sulphur, but other bye-products, and particularly small 
quantities of the precious metals, may be utilised. 

It would be impossible, within the reasonable limits of a 
paper for our Transactions^ to describe the many plans 
which have been adopted for the utilisation of such low- 
grade sulphide ores as are not suitable for the simple 
processes already referred to. I must, therefore, limit my 
remarks to those which are most suggestive in theory, or 
have proved most successful in practice. 

BanJeart^s Process (1845). — This is, in theory, the 

* Many of the ordinary forms of kiln are well illustrated in Lunge's 
well-known work on sulphuric acid making. 
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simpleBt of all; in practice, perhaps^ tbe most difficalt 
for most ores ; and I am not aware that it baa ever been 
worked with success oc a comntercial scale. The ore, after 
fine cmshiug, so as to pass throagh a sieve of four holes to 
the inch, is most carefnily roasted, with free access of air 
and frequent stirring in a reverberatory fnmace, so as to 
convert the sulphides of copper into snlphate, while the iron 
is peroxidised. The roaet is then lixiviated to remove the 
soluble copper- sulphate, part of the residue is mixed with 
a charge of fresh ore, and the calcination is repeated. The 
solution of copper is precipitated as usual with iron, and, 
as might be expected, it yields a fine quality of precipitate, 
with a very moderate consumption of iron. 

It is obvious, however, that the process can only be 
applied to sulphide ores, and also that it must be somewhat 
costly, like most reverberatory work, and therefore it could 
rarely be applied to a really low-grade ore nniess there 
were bye-products of value. It has now, however, been 
altogether superseded by the Longmaid process and its 
modifications. 

The Linz Process, which was adopted for many years at 
Linz, on the Bhine, may be regarded as another form of 
the Bankart's process. The ore was roasted, crushed to 
pass through a sieve of four holes to the linear inch, and 
again heated. It was then treated with sulphurous acid 
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process may be employed for clialcopyrite ores containing 
90 per cent, or more of siliceous matter if they are 
previously crushed so as to pass through a sieve of two 
or more holes to the linear inch. This process has formed 
the starting-point for a long series of modifications^ as 
it is peculiarly suited for the utilization of ores of copper 
containing^ besides gold and silver, small proportions of 
arsenic and tin, whether sulphurous or not; it was^ indeed^ 
invented for the express purpose of treating such ores. I 
shall describe it as it was used at the New Consols Mines in 
East Cornwall about the year 1878. Here, the ore, besides 
large quantities of sulphur, iron, and silica, contained on an 
average li per cent, of copper and 9 per cent, of arsenic, 
with 9 lb. of tin, 5 ounces of silver, and a few grains of gold 
in each ton. With ore such as this the method required 
two roastings — the first, to oxidize and drive off the arsenic 
and most of the sulphur, was done either in ordinary rever- 
beratory furnaces or Oxland calciners. The ore was then 
mixed with 10 or 12 per cent, of salt and roasted in a rever- 
beratory furnace. By this means any sulphur remaining 
was converted into sulphate of soda, while the copper was 
converted into chloride, which was readily dissolved out for 
precipitation. 

Any arsenic present was driven oflF in the first roasting, 
and intercepted in flues or chambers, and the tin was 
separated by dressing the residues after the copper had 
been removed in solution. The solutions were made very 
strong by proper tank washings ; they contained most of 
the gold and silver of the ore, which were precipitated by 
well-known methods before the copper itself. 

Petia del hierro Process. — At this mine, which is near 
Eio Tinto, a process was adopted in 1883 which may be 
regarded as a combination of the Longmaid and Bankart 
processes. It was designed to utilise the lead as well as the 
silver and sulphur in the ore, but was found very difficult 
to manage, and was soon abandoned. The ore was broken 
to about a half-inch size, and then dead-roasted in an 
Oxland's calciner, a little fuel being used in the furnace at 
the lower end. 
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The hot ore was theo placed in tanksj washed with hot 
dilate BoIphnroDs and eolpharic acids (made by condensing 
the fmnea from the calciner), a little salt being added to 
conrert the stlrer and lead present into chlorides. From 
the liqnor so prodnced the silver waa precipitated by means 
of copper, the copper by iron, and the waste liquor used for 
washing more burnt ore, ader due dilution with water. As 
might be supposed, it was very difficult to prevent slagging 
iu the calciner.* 

The Hunt and Douglas Processes. — In that patented in 
1869, the roasted ores were treated with a hot solution of 
ferrous chloride aud sodic chloride, so bringing the copper 
into solution as a mixture of cuprous and capric chlorides, 
the former being readily soluble in the salt, though nearly- 
insoluble in water. From this solation the copper was 
precipitated with metallic iron, thereby reproducing the 
ferrous chloride and regenerating the solvent — " the neutral 
solvent does not dissolve either arsenic or antimony." This 
method is not adapted for argentiferous pyrites, " because 
the silver is with difficulty separated from the chlorides 
of copper." 

By the process of 1881, the roasted ores are treated 
with a hot solution of ferrous chloride, and the cnprio 
liqaor so obtained is either reduced while still hot with 
snlphnrous acid, so precipitating the copper as cuprous 
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definitely, provided chlorine be supplied each time by 
the addition of a safficient amount of some soluble 
chloride. I am not aware whether this process is still in 
use, but it was employed at Phoenixville near Philadelphia 
in 1883, and was also in use more recently at the Copper 
Queen Mine in Arizona for treating comparatively low-grade 
ores. I am not sure whether it is still in use there. 

Many other plans have been proposed for getting 
the copper into solution for subsequent precipitation, 
but they are for the most part too complicated for use, 
except where the services of skilled chemists are 
available. 

Section VI. — Copper Peecipitation. 

The processes of oxidation and solution just described 
are necessary to bring the copper into solution, but the 
metal has no commercial value until it has been precipitated. 
This may be effected in many ways, but considerations of 
economy practically limit us to three — viz., with iron as 
metal, with lime as carbonate, and with sulphurretted 
hydrogen as sulphide. It may also be done electrolytically, 
but this latter process, however has not yet become a 
commercial success. 

Copper Precipitation with Iron as Metal, — ^According 
to theory, 56 parts of iron should precipitate 63'5 parts of 
copper, or nearly as 8 to 9, but this result is never attained 
in practice, because of the free acids or ferric salts which 
are nearly always present, and which consume iron un- 
profitably. Furthermore, very weak solutions oxidise the 
iron by means of the relatively large proportions of free 
oxygen present in them, and an improper arrangement of 
the iron in the tanks by which it is left exposed to the air is 
also a frequent source of loss, although this may be lessened 
by keeping the tanks covered, or, at any rate, by keeping 
the iron covered. All these causes tend also to the 
production of a low-grade precipitate. 

Consumption of Iron, — ^The following examples from 
actual practice may be studied with advantage. 
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By GompariD^ the figures given above irith the figures 
already given in table II. page 15, it will be seec that in 
a general way the most useful effect is produced when the 
stronger liquors are used. 

It will also be seen that although the Rio Tinto practice 
is far the best, yet even then a great loss of iron takes 
place, even after allowing for the 8 to 10 per cent, average 
of impurities in the pig, for the ratio of useful effect is but 
•715 copper to 1 of iron, instead of ril26 to 1. 

Character of the Precipitate. — The " produce " or per- 
centage of the precipitate is also of importance, and it is 
closely connected with the consumption of iron, though it is 
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Wheal Agar about 33 "0 per cent. Copper. 

* Cronebane, 1862 „ 36-0 

* Ballymurtagh, 1867-61 „ 42-1 

* Connoree, 1861-62 „ 44*0 „ „ 

* Great Adit, 1863-68 „ 46-6 

* Ballymurtagh, 1852-56 „ 46*3 

* Santiago, 1844 „ 46-0 „ , 

Wheal Josiah, 1866 „ 46*4 

Wheal Maria, 1866 „ 60-0 

t Cobre Mines, 1864-66 „ 61*0 

* Cobre Mines, 1854-56 „ 67*0 

t Rio Tinto, 1883, Ist class „ 92*6 „ „ 

„ 1884-86, 1st class, washed with acid ,, 95 *0 
„ 1883, 1st class, washed with acid 

(special sample) ,, 98*2 

„ 1883, 2nd class (afterwards 78 7J „ 74'3 „ „ 
„ 1883, 3rd class (afterv^ards always 

over 50 7J „ 43*2 „ „ 

„ 1883, papucha „ 24*4 „ „ 

The elimination of impurities from the precipitates is 
of the nature of a refining operation and will rarely attract 
much attention except in very large establishments. 

Quantities of Water Used, — Eeference has been made 
to the greatly varying copper contents of diflferent natural 
and artificial liquors. Except in a few special cases the 
consumption of water is always large, and sometimes 
very large. Thus at Eio Tinto in the year 1882, I found 
that in the production of each ton of precipitated copper, 
not less than 600 tons of water had been used, or about 
10 tons of water for each ton of ore treated. This, 
however, is only one quarter the quantity used in the 
mechanical treatment at the Atlantic Mine, though it 
necessitated a water storage near the mines of nearly 
six millions of cubic metres, which has since been increased 
to nearly ten millions. 

Of course, when the ore heaps cover large areas in the 
open, the loss from sudden floods may be very great at times, 

* These are mostly from Henwood, Oj). cit. 

t These are from my note-book. The ** papucha," or mud, was 
obtained by washing the regular precipitate, and was afterwards dried 
and calcined in open heaps and sent to the blast furnace. 
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nnloBS provision is made for intercepting tlie drainage 
from the heaps, and it is rarely possible to do this com- 
pletely. I hare known more than 20 tons of fine copper to 
be thns lost at Bio Tinto in a single night.* When methods 
of kiln OF famace-roasting are adopted, with washing in 
tanks and partial regeneratioQ of the liqnors as at 
Haidenpec, the ore treatment is far more under control, 
and the quantity of water used is probably less than is 
required for any mechanical concentration yet successfully 
carried out. The proportionate loss of copper is also far 
less in a well-conducted wet process. 

General OoTiclv^iojis on Iron. Precipiiation Methods. — 
On the whole, it appears that the following general 
conclusions are fairly justified : — 

(a.) Strong liquors give better precipitates than weak 

{h.) A high temperature is better than a low one as 
regards the rate of precipitation, though not as regards the 
quality of the precipitate formed from an impiure liquor. 

(c) The precipitation is more rapid in a flowing stream 
than in a still tank. 

[d.) Fig-iron is more advantageously used thanwrought- 
iron scrap (and especially than tin scrap) when both have 
to be purchased. 

Elentro Deposition. — The solutions for this purpose may 
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more distinctly a refining process in the technical sense, 
and, therefore, outside the intended scope of this Pap^r * 

Precipitation as Carbonate and Hydrate. — This method 
is not to be recommended except where the precipitate is 
required for fluxing operations in smelting. The precipitate 
must generally be very poor, owing to the large amounts of 
sulphate of lime and of carbonate or peroxide of iron, 
which are simultaneously produced. Still, where smelting 
operations are carried on, it is sometimes well to adopt this 
method if lime can be cheaply obtained. This is best 
applied as a sort of paste of milk of lime. 

Precipitation with lime was adopted at Wheal Falmouth 
about the year 1830, when a precipitate of about 10 per 
cent, copper was obtained, which at that time realised from 
£8 to £9 per ton.f 

Precipitation as Sulphide, — Sindlng^s process, in which 
the copper is precipitated with a crude sulphuretted hydro- 
gen, produced by the inter-action of carburetted hydrogen, 
sulphurous acid, and steam at a high temperature, was first 
employed at Foldal, in Norway, in 1849, J and subsequently at 
Swansea, Eio Tinto, and many other places under the name 
of the Hartmann process. At Foldal carburetted hydrogen 
•gases and steam were produced from sawdust and half-burnt 
wood by the aid of a blast in a separate furnace or generator, 
and then made to pass over burning pyrites while the access 
of air was carefully limited. In this way sulphuretted 

* Arrangements are now far advanced for the electrolytic treatment 
of the rich Montana mattes on a great scale, but the matte is first 
converted into metallic copper by the Manh^s process. Moreover, the 
original ores are by no means of low grade, those of the Boston and 
Montana Company averaging over 9 per cent., besides being rich in 
silver. The electro-refining of pig copper has been carried on for many 
years at Eoraas, in Norway, where very poor pyritous ores are smelted 
to matte, and reduced to pig copper by the Manh^s process in a 
Bersemer converter. 

f A similar precipitate at present would hardly realise more than 
jS3 5s. per ton. 

I It was first devised by Sinding and Stromeyer in 1847 as a 
method of obtaining sulphur. »• See Northe Urts/orekotntter III. 
Part VIL, 1889, p. 69. 

8 
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Lydrogen ftnd carbonic acid were produced, which, being 
led into the solutions obtained by waBhing the burnt ore, 
precipitated the copper as sulphide, the iron present remain- 
ing in the solution owing to its acidity. 

When this process was employed at Rio Tinto in the 
year 1882 coal was used in the generator, instead of charcoal 
and sawdnst. The air-dried precipitate averaged a little 
over 10 per cent, of copper, which wa? raised to 64 per 
ceat. by calcination. The calcined product was sent to the 
blast farnace with other rich products. The precipitation 
of copper as cuprous chloride in the Hunt and Douglas 
process has been already siifGciently referred to. 



Section VII. — Raw Bmbltiko Methods. 

General Conditions. — Under the best circumstances of 
fusible ore and cheap fuel, these methods CEin hardly be bo 
cheap as the " wet " methods referred to in the preceding 
sections, so that, when copper alone is in question, they 
are rarely applicable for really low grade ores. 

But such ores are often relatively, though not actually, 
rich in the precious metals, and, moreoTer, they are 
frequently associated with other substances of value. la 
such cases it is sometimes found that the copper itself 
may be better concentrated, and the other substances 
referred to more readily utilised for subsequent retining 
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though oxidised ores may be in some cases directly con- 
Terted into black copper of 94 to 96 per cent. 

Calcination. — Sulphides, of course, need to be first 
calcined; other ores need no preparation, except to see 
that they are so mixed as to yield a sufficiently fusible 
and fluid slag, though in most cases fines have to be made 
into lumps or briquettes. At Eio Tinto the richer and 
more siliceous minerals (mineral cuarzo), instead of being 
crushed and mechanically concentrated as they would be 
in mines where no chemical processes are employed, are 
made into small teleras of 200 to 300 tons and roasted 
in the open. The method of construction is somewhat 
different to that employed for the ordinary calcination 
mineral, and much more fuel is required. The ground 
chosen is covered to a depth of 2 feet with brush- 
wood, and several bundles are placed in a sheaf in 
the centre to form a chimney when burnt out. Ore is 
then piled around and the wood is kindled, no layer of 
smalls being placed on the outside as in the ordinary 
heap-calcination. Such a telera will continue to burn for 
about three months.* 

Heap-roasting can generally be effected, more or less 
satisfactorily, when ores contain not less than from 15 to 20 
per cent, of sulphur, while stall-roasting and kiln-roasting 
can often be usefully worked when there is not more than 
10 per cent. The cost of heap-roasting varies from Is. 6d. 
up to 3s. 6d. per ton, including the building and breaking 
down of the heaps. Stall and kiln-roasting are usually a 
little more costly, but the process is more under control in 
case of bad weather. It is also more rapidly completed, 
so that far less capital is locked up at any one time, and 
the burnt mineral is less subject to loss from sudden 
floods — a serious matter in some countries.f 

III T ■ ' 

* Of late years, at Bio Tinto, the calcination of rich mineral has 
been conducted in teleras of the same size and shape as those of 
ordinary calcination ore, only it has been allowed to bum a little faster. 

t Tliat this is no merely imaginary danger is shown by the fiact 
that at Bio Tinto in the year 1881 the copper liquors were produced in 
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Eemel-rooBling. — This peculiar concentration of copper, 
vhich has often been deecribed, takes place, to Bome 
extent, in almost all calcination processeB when low-grade 
ores are burnt without free accesB of air ; even balls of 
£ues yielding kernels in some instances. At Bio Tinto a 
watch is kept for these kernels in breaking down the 
teleras, and removing the burnt ore for washing. The 
kernels are afterwards smelted to matt in the blaat furnace. 

This process was used at Foldal, in Norway, as early 
as the year 1770, and was the main process in use at that 
time from 1807 to 1848. The ore treated was a pyrites, 
containing from 45 to 48 per cent, of sulphur, with 2 to 
2( per cent, of copper, and 3 to 6 per cent, insoluble 
matter. The ore was burned in heaps in the open air as 
slowly as possible, from three to four months being usually 
required to burn a heap. After roasting, the kernels, con- 
taining only about 3| per cent copper, were at first — and, 
indeed, for many years — picked out by hand, and at once 
smelted into matte. It was afterwards found that, by first 
washing the burnt ore, so as to extract the soluble 
sulphates, the kernels could be much more easily picked 
out from the dried ore : and, as they carried much less of 
the adhering oxide scale, their assay rose to 12 per cent., 
and even to 15i per cent. 

The proportion of copper obtained in the kernels was 
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ployed, the raw smalls being moulded into balls with a 
little clay. When the process was completed the outer 
portions or "shells'* were removed and washed, thus 
yielding a copper liquor for precipitation, while the kernels 
were subsequently collected for smelting * A similar process 
has, for a long time, been carried on in Japan. 

Attempts have been made on many occasions to 
separate the kernels from the shells by jigging, but with- 
out much success, owing to the slimy character of a 
large proportion of the shell material as soon as it is 
wetted, and the powerful corrosive action of the liquor 
on the jig-sieves. As an illustration of the concentrating 
effect of kernel-roasting on ores averaging between 2 
and 3 per cent., the following examples from Eio Tinto 
may be given : — 

(a.) 88*3 per cent, of shell-residue reserved for jigging 
contained 1'13 per cent, of copper, and yielded 1*17 
per cent, of kernels containing 5*46 per cent, of copper. 
The solution obtained in jigging was not separately 
analysed. This systematic jigging was not sufficiently 
effective ; moreover, it was soon found to be quite out 
of the question on the enormous scale necessary for the 
work at Eio Tinto, and was abandoned for the old 
process of hand-picking before washing in tanks, which 
is still very extensively in use. 

(6.) 177 tons of kernels specially selected by hand- 
picking from February 23 to April 8, 1880, averaged a 
little under 15 per cent. 

Roasting of Fines in the Reverheratory Furnace. — This 
is a very effective process, but the cost has usually been 
considerably more than that of heap or kiln-roasting. The 
old-fashioned brick calciner, from 50 to 60 feet long, in 
which the ore is gradually worked forward by two 
attendants in each shift, has been pretty well superseded 
by the automatic Briickner and O'Hara furnaces in 
America, and generally where labour is dear. These 
could hardly be said to have cheapened the cost of 

* See Hep. Min. Assoc, of Com. and Dev., 1869, p. 11, Ac. 
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calcination, but tbe new annular automatic calciner of 
Mr. E. Pearce, as used at the Argo Worka in Denver, has 
Tendered it possible to calcine highly pyritoas emalla at 
a total cost of about Ss. per ton. 

Smelting to Matte. — This may he efiEected either in 
reverberatory furnaces, in water -jacketed cupola furnaces, 
or in shaft furnaces of brick or stone. The " mineral 
rico " and the " mineral cuarzo " selected from the calcina- 
tion ores at Rio Tinto, averaging, in 1883, 7"23 per cent, 
and 4-17 per cent, respectively, were smelted, after roast- 
ing, together with the selected kernels from the calcination 
heaps and washing tanks, and certain inferior copper 
precipitate washings ("papucha"), in low brick furnaces 
lined with a soft and compact clay-slate. About 60,000 
tons of these products were smelted during the year, 
selected from or resulting from the treatment of nearly 
one milUon tons raised from tho mines, which yielded 
7,000 tons of matte averaging a little over 36 per cent. 
of copper. I cannot give the cost of this series of 
operations, but they were decidedly remunerative with 
coke costing about £2 per ton. I believe the expense has 
since been lowered by the use of an improved type of 
furnace provided with a low water-jacket. They now 
smelt at Bio Tinto 300,000 tons annually, and the cost of 
the copper so obtained is said to be really lower than the 
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An instructive example of matte-smelting of low-grade 
silver and gold ore on a copper basis is afforded by thiB 
works carried on at Sunny Corner, in New South Wales. 
The ore is a complex sulphide much Uke the " bluestone " 
of Anglesea, having about the following average compo- 
sition : — 



Zinc . . . 


• • • • • • 


... 22-0 per cent. 


Lead . . . 


• • • • • • 


... 120 „ 


Iron . . . 


• • • • • • 


. . . 120 „ 


Copper 


• • • • • • 


... 1-5 


Arsenic 


• • • • • • 


... 60 


Sulphur 


• • • • • • 


... 200 


Silica and Silicates . . . 


... 200 


Moisture, 


and not detern 


lined 65 „ 




1000 



Silver from 15 to 20 oz. per ton. 
Gold about 3 dwts. per ton. 

Of course, this would be valueless if considered as a 
copper ore in such a situation, and at first it was treated 
as a lead ore, a small quantity of rich lead being produced 
and the copper disregarded. But it has since been found 
more advantageous to volatilise the lead, zinc, and arsenic 
as far as possible, and to concentrate the gold and silver 
into a small quantity of copper-matte of 18 to 20 per cent., 
which is found to contain from 260 to 300 ounces of 
silver and nearly 3 ounces of gold to the ton. The 
process is as follows : The ores are first roasted in heaps 
of about 300 tons, a good deal of cheap brushwood being 
consumed in the process. The roasted ores, together with 
some natural gozzans and a considerable proportion of 
limestone flux, are then smelted in a large oval furnace, 
provided with a cast iron water-jacket in sections. The 
total cost of mining and smelting, including the freight of 
the matte, is said to amount to about 34s. per ton 
of ore. 

The Smelting of Fines in a Blast Furnace, — Fine ore 
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■hoald be bricked as far as possible ; but ■when for any 
reason this cannot be done, it may Bometimes be smelted 
direct in a water-jacketed cupola furnace, using a low 
burden and a very light blast. Of course, the fuel con- 
sumption will be rather high, and the labour cost will be 
somewhat higher than when lump ore of similar com- 
position is smelted, owing to the slower rate of smelting 
which is always experienced. The bricking of Snes can 
sometimes be affected by simply mixing them while moist 
with flue-dust or ore-slimes, pressing, and drying; but 
sometimes a mixture of lime, or even of Eoman cement 
made from precipitated sewage, is admissible. 

But Mr. Peters has shown that even green (unroasted) 
fines can be smelted in a blast furnace of large section 
using a " fan-blast." Of courscj the furnace yield is low, 
but the cost, with cheap fuel, is only about Ss, per ton,* 

Smelting to Black Copper. — The smelting of completely 
oxidiFcd ores to black copper cannot be effected so cheaply 
as the matte-smelting of sulphides. Still, if the ores are 
basic enough to form their own slag, they may he smelted 
into bars of over 94 per cent, in circular water-jacketed 
furnaces 36" diameter at the tuyeres at a rate of 40 tons 
per day, at a cost not exceeding 12s. 6d. per ton of ore, 
when coke can be got at about £1 per ton. Large water- 
jacket furnaces may be used with still greater advan- 
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there is also present either gold or silver, or both. But 
the addition of a comparatively 7small proportion of an 
ore rich in sulphur, say enough to yield a copper matte 
of 40 to 50 per cent, instead of bars of 94, will much 
cheapen the working and give a larger copper product, 
as the slags will be very much cleaner, though the 
advantage of this may be neutralised in the less advan- 
tageous sale of the product. 

The Eollway Process. — This is an application of the 
Bessemer process to sulphide ores, by which they may be 
smelted practically without the use of fuel. Many 
interesting experiments on the Eio Tinto pyrites were made 
at Sheffield in the years 1878-9, the results of which were 
discussed before the Society of Arts, and reported in the 
Journal. These experiments were made with improvised 
and not altogether suitable apparatus, but the results, on 
the whole, were regarded by many practical men as highly 
successful, inasmuch as pyrites containing only 2J per 
cent, of copper was concentrated into a matte of 15 per 
cent., while a certain proportion of the sulphur was 
separated in the free state. In these experiments coal was 
used for the production of the blast, and coke for the first 
melting of the pyrites ; but the fuel for the concentration 
and enrichment of the copper matte was supplied by the 
combustion of part of the sulphur contained in the ore. 
Some crude but interesting experiments were afterwards 
made at Eio Tinto by my friend, Francis Bawden, in the 
year 1882, using the low slate-lined furnace already 
referred to. Tuyeres of 2^ diameter were employed, and a 
cold blast. The furnace, once started in the ordinary way, 
ran without coke fuel for 24 hours, the tuyeres dipping into 
the melted pyrites. Much free sulphur was given off, as in 
the Sheffield experiments. The charge was 2 parts of 
crude and 3 parts of calcined " mineral cuarzo,'* of 6 per 
cent, and 7 per cent, copper respectively. The silica and 
aluminous silicates probably amounted to about 30 per 
cent, of the whole charge, and the product was a matte of 
25 per cent, copper and a slag of 0*5 per cent., with a 
sp. gr. of 3'6. 
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Under the cirfinmstanceB, this mnst be regarded as a 
very good result It could have been still improved by the 
use of more and smaller tuyeres, and I bave always 
tbonght it a great pity tbat the Hollway process was not 
adopted on a large Ecale at Bio Xinto, as it would, in my 
opinion, have largely increased the profits besides practi- 
cally doing away with the smoke nuisance. It may, 
however, be said that it has been most successfully adopted 
in the form of the now well-known Manhes process for the 
enrichment of copper mattes. 

A complete and extensive Hollway plant was erected in 
1884 for the treatment of the Maidenpec ores in Servia. 
1 have not heard how far it was successful there, but the 
ores being much less salphurouB were certainly not so 
well adapted for its use as the Spanish ores. 

Some very similar experiments were made by Mr. 
Claude Yautin at the Great Gobar Mines in Australia in 
the year 1886. 

Section VIII. — CoKCLUDina Bedubks. 
Scale of WorMng. — As the ores to be utilised often con- 
tain less than ^1 worth of copper in each ton, and in 
some cases less than one-third of this amount, it is 
obvious that the cheapest and most effective methods 
alone can be employed, both in the mining and the after- 
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admissible for those belonging to the second class (the 
oxidised ores), nor, so far as is proved at present, in places 
where water is scarce, nor where the vein-stones are of 
high specific gravity. 

Wet processes cannot be applied unless there is either 
an abundance of sulphur in the ore, or where cheap 
(waste) acid is obtainable. And not always even then. 
In most cases large quantities of water are also required. 
The cost of iron and that of fuel for subsidiary use must 
also be considered. 

Smelting processes require at least that fuel shall be 
moderately cheap, and if flux is needed that it should be 
very cheap indeed. When water-jacket furnaces are used 
there must be a considerable water-supply, especially if 
the climate is hot, though such is not required if other 
forms of furnace can be used. 

First-rate transit facilities for the necessary machinery 
and supplies, and for the distribution of the products, 
although not perhaps in every case essential, are yet 
of very great importance, since the products are at best 
only of moderate value. When wood is abundant they 
are, perhaps, less essential in the case of smelting than in 
the other processes. 

I may add that it is rarely advantageous to work up 
the ores into very pure products, since refining processes 
are almost always far cheaper when carried on in special 
establishments ; but, of course, the value of the product 
must be so raised by the method of concentration 
adopted that it will bear the necessary transport charges 
— or even reduce them to comparative insignificance. 

Samples, Assays, and Accounts. — In the treatment of 
low-grade ores by any other than a mechanical process, 
skilled sampling and assaying are almost constantly 
necessary if the best results are to be attained. In 
particular, the waste solutions and residues must be 
closely watched, continually sampled aud assayed. 

Similarly, the most careful and accurate accounts 
must be kept of each stage of the operations, especially 
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when they are of a complex nature. In this way it may 
be ascertained where it will be advantageous to eave and 
where to sacrifice a little more of any particular product, 
or even when one or more may be sacrificed altogether 
with advantage. 

The Utilisation of Bye-Producta. — As a,lready inti- 
mated, many low-grade copper ores contain email 
quantities of valuable substanceB. Such bye- products 
are almost always present in greater or less quantity, 
and it will often happen that some, at least, may be 
profitably concentrated and utiHsed by a proper sequence 
of operations. It is here, indeed, that the functions of the 
miner and metallurgist often overlap, and even coalescCj 
for, in many cases, the operations mutit either be 
conducted at the mines or not at all ; and it may not be 
possible to have the services of separately skilled superin- 
tendents, at any rate, in the early stages of an 
enterprise. 

The chief bye-products with which wo ate here con- 
cerned, are the metalloids — sulphur and arsenic ; themetale 
■ — gold, silver, lead, nickel, cobalt, manganese; oxide of 
tin ; the sulphates of iron and zinc ; and the oxidised 
ferruginous substauces kuown as purple-ore or blue-billy, 
and ochre. It must often be advantageous to sacrifice 
some of these so as to get the others more cheaply ; while 
L'cumstancoB of demand may render sometimes 
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pyritous ores by any of the wet processes ; the oxide 
of tin, if present, and the ochre may be obtained by a 
mechanical treatment of similar residues. 

The consideration of the different processes necessary 
for such varied aims is scarcely more within the proper 
scope of the present paper than the subsequent refining 
operations. They will be best dealt with in an entirely 
separate paper.* 

General Conclusions, — In conclusion, I would re- 
mark : — 

(a) That whenever an extensive deposit of low-grade 
copper ore is met with, it is deserving of the most 
careful consideration as to its components and its working 
facilities, whether alone or in combination with other 
accessible ores. 

(6) No metalliferous residue, whether of ore-dressing 
or metallurgical operations, if it is produced in con- 
siderable quantity, ought to be finally disposed of until 
its components have been thoroughly ascertained by 
appropriate chemical or other means. 

(c) In the treatment of low-grade copper ores it is 
rarely advisable, and perhaps hardly possible, with 
advantage, to separate the work of the miner from that of 
the metallurgist. 

* Of course, it does not follow that because substances of intrinsic 
value are passing away in the residues, that the processes are to be 
condemned as inefficient. It does not pay to save a sovereign at the 
cost of a guinea, though it may be well to get it for 19s. 6d. But it 
may serve to give a useful idea of the magnitude of the operations at 
some great mines, and of the field still remaining for invention and 
discovery, if I here remark that there is mined in the Sierra Morena 
every year, and finally lost, about 400,000 tons of sulphur (as sulphurous 
acid, and, in combination with iron, ^inc, and other metals, as 
sulphates), 1,600,000 tons of iron, 16,000 tons of lead, 20,000 tons of 
arsenic, 12,000 tons of zinc, 15 or 16 tons of silver, and 1 ton of gold, 
besides other substances of value, such as nickel, cobalt, manganese, 
thallium, and selenium. 

The sulphurous acid is positively destructive to the agriculture pi 
.many square miles of country, and more or less injurious to the health 
ot at least 30,000 people. 
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((0 The conBtant Bervices o! a Btilled ehemiet are 
necessary in connezioD with the simplest wet process if 
the ores are subject to much variation, if the beat 
possible results are looked for, and especially if the 
aulphnr, precious metals, and other bye-products are to 
be utilised to the fullest extent. 



DISCUSSION. 

Mr, Peecival Fowlbb : I think we should only be doing 
our daty if we, while tbauking Mr. Collius for his valaable 
paper, took steps to h&ve it published for the benefit of 
all those connected with miniog, and nioro especially with 
the subject which he has treated. I therefore suggest, 
before making any remurks this evening, that tbe paper 
should be printed in full, and not as Mr. Collins has read 
it, because he has been kind enough to save onr time 
by cutting it very short, in order that discussion 
might follow. On the many points raised, there is one 
which I should liko to have heai-d Mr, Collins refer to more 
particularly, and that is what actually happens during the 
precipitation of copper, as, of course, we have to get the 
scientific point of view if we want to save money in the 
practical working. I do not know if yon would mind my 
putting on the blackboard some formulas which I have 
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Mr. J. H. Collins : I have carefully avoided going into 
any of these scientific questions of formulae. My paper is 
on the economic treatment of copper ores, and I do not 
think it matters much from that point of view what the 
reactions are. I think the usual course is for a practical 
man to work out a method of precipitation, and then for a 
scientific man to come along and dispute with some other 
scientific man as to what takes place. My paper had only 
to deal wi<ih what the practical man was doing in getting 
the copper out of the ore, therefore a discussion of these 

But further reactions actually take place, due to the presence of the 
iron, the oxygen contained in the air and waters, and the ferric sulphate 
contained in the waters under treatment, thus : — 

(2.) FejO, 3S08 + Fe + = FeOSOg + FenO, 2S0y 
(Ferric Sulphate.) (Iron.) (Oxygen.) (Feirous (Ferric Sub- 

Sulphate.) Sulphate.) 

This subsalt of iron formed is called the First Papucha, and has 
a tendency to precipitate, which it does, if the wuters are highly 
chai'ged. 

In addition to the above subsalt, if the waters are hi^^hly charged 
and excess of iron, us is usually the case, be present, a further reaction 
takes place, thus: — 

(3.) Fe20,2S03 + Fe + = FeOSO, + FejOjSO,. 
(First Papucha.) (Iron.) (Oxygen.) (Ferrous (Second 

Sulphate.) Papucha.) 

The Second Papucha is less soluble than the First Papucha. 

It will be seen, therefore, that the presence of large quantities of 
ferric salts in the copper waters causes the consumption of more iron 
than is necessary for the precipitation of the copper. 

It is thus of the greatest importance, first, to avoid, as far ns 
possible, the presence of ferric salts in the copper waters, and secondly, 
to keep the iron from contact with the air. 

In order to diminish the amount of ferric salts present, an 
efficacious method adopted is to pass the waters, containing ferric salts, 
through fine uncalcined mineral, which tends to convert the ferric into 
ferrous salts^ thus : — 

(4.) (Cu^SFeaS, =) CuSj + FeA 380, = CnOSO, + 2(FeOSO,) + 28. 
(Iron Pyrites.) (Ferric (Cupric (Ferrous (Sul- 

Sulphate.) Sulphate.) Sulphate.) phur.) 
and — 

CUgO + FejO, 3S0, = 2(CuOSO,) + 2(FeOSO,). 
(Red Copper (Ferric Sulphate.) (Cupric (Ferrous 

Ore.) Sulphate.) Salphate.) 
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theoretical qoestions will not be dlscussiag tho paper. I say 
that with all deferenco to Mr. Fowler, whose illoBtratioas 
might form a very interesting addeadam to it, and will be 
very useful to us by and bye. 

Mr. Fowler: The question is with regard to the sarin^ 
of iron; as Mr. Collins pointed out, there is about 50 per 
cent, lost. If these foroinlse are right, perhaps some of as 
may, thraugh them, wurk in the direction oFsaving a further 
amount of iron, which is now wasted in the precipitation 
process. 

The Chairman : I am inclined to take Mr. Fowler's view 
of the matter in this case. Of conrse, the use of formnle 
should be kept within reasonable bounds, but unquestionably 
although many processes originated by rule of thumb, there 
is no reason why they should continue so. It is only by 
the application of scientific principles that one can see 
whether any hon&fide improvement can be introduced. 

Mr. FowLKE : While I was in the Kio Tinto district I 
madeavery careful study of the various methods adopted, 
which Mr. Collins has mentioned in his paper, to effect a 
saving of iron, and whilo we know much has been done in 
recent years, there still appears room for further saving, 
more especially if we know the causes at work which 
prevent all the iron from doing its effective duty. I may 
say, with regard to the paper generally, there are two or 
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sometliing over 8 grammes per thousand kilos. A good 
deal depends upon the facilities for procuring water. I 
should like to know if Mr. Collins has any interesting 
figures to add to the paper with regard to that particular 
point. 

Mr. Claude Vautin : I rather wish Mr. Collins had not 
made the remark he has as to the scientific bearing of the 
paper, because I wanted to ask him a question which might 
be considered outside the economic treatment of copper 
ores. In his paper, he stated that 90 odd tons of copper 
had been precipitated in the Carnon or Bissoe Valley, which 
varied from 6i to 60 per cent, of copper. Could Mr. 
Collins tell us what the balance generally consists of in 
these precipitates ? I am sure it would be very interesting 
to know. While speaking of precipitation, and also 
referring to the methods of precipitating copper as 
sulphide, it struck me that all the means of precipi- 
ating copper from sulphate solutions or chloride solu- 
tions had not been exhausted. Personally, I have gone 
through some experiments, and have noticed that mono- 
sulphide of iron causes a complete precipitation of copper 
from a solution of its sulphate and also from its chloride ; 
and it has also struck me that the iron sulphide could be 
easily produced by simply running down some of your low 
cupreous pyrites^ fluxing off the gangue. Crushing the 
matte so produced, say to forty holes to the inch, and 
allowing the copper liquors to percolate through the crushed 
matte, nearly the wholo of the iron of the matte will be 
replaced by copper. Perhaps Mr. Collins will say if this 
method has ever been tried. 

I should also like to ask Mr. Collins if he can give us 
any information about the Austin direct method of smelting 
sulphides. The Austin process, from what 1 can hear, is a 
modification of the ordinary blast furnace process and the 
Hollway combined. In it use is made of the heat generated 
by the rapid oxidation of the iron and sulphur, and there is 
produced an iron or cupriferous matte as the case may be, 
and from late information I received from Colorado it is 
doing marvellously well ; in fact, a furnace has been erected 
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in Wales here, but they tried to go t^o far and treat fines 
on the same principle, and naturally failed. Referring to 
BesBemerising of copper matte, I had rather a carioas 
experience ou that point. At Cobar, New Sonth Wales, 
many years ago, we smelted, or rather melted, cupriferous 
iron pyrites containing 4 to 5 per cent, of copper in 
email blast furnaces, and then tapped them direct into 
the water jacket lined converters. We had one or two 
serions experiences as regards the linings, hut we got 
over the difficulties, and after we had blown the charges 
in the converters to 30 to 40 per cent, copper, we 
tapped from the converters into the reverberatory 
furnace, and made a complete Beparation of the matte 
from the slags, which were remarkably free and clean froni 
copper. I may, in passing, state that the water jacket lined 
converter gets over all the troubles which were experienced 
by Mr, HoUway when he first introduced that process. 
Next to the water jacket furnace, carbon bricks form an 
excellent lining. Keferring to the open air methods of 
calcination, I do not know whether at Rio Tinto they 
made any special effort to obtain a complete burning or 
oxidation of the material of which the edges of the heaps 
was composed. At Sudbury they got over that difficulty. 
It generally happens that an incomplete calcination or 
oxidation ou the edges of the heaps is experienced. 
After the heaps have been partially calcined, the space 
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the percentage of sulphur left would be too high. I should 
very much like to know what percentage of clay was used 
in balling the sulphides. Mr. Collins simply states in his 
paper that such ores could not be roasted without prepara- 
tion in large heaps. Under the head of " Furnace-calcina- 
tion methods/' Mr, Collins states that the copper "must 
not consist entirely, or even mainly, of fines/* After 
balling or bricking, could not the fumace-calcinatiou 
method be used sometimes to advantage ? Then, referring' 
to Bankart^s process, converting the copper into sulphate, 
can Mr. Collins tell us whether, after the ore has been 
oxidised, the products of the decomposition taking place, 
we will say in No. 2 furnace, have been passed through the 
previously oxidised material in say No. 1, and whether 
there would not be a reaction between the products of 
decomposition from No. 2 on the oxidised ore in No. 1, 
whereby complete oxidation would be obtained. It is of 
interest that Mr. Collins has referred to the Longmaid 
process. I suppose the percentage of gold in any ore 
successfully treated by this process must be exceedingly 
small. Mr. Collins says, "This process has formed the 
starting point for a long series of modifications, as it 
is peculiarly suited for the utilisation of ores of copper, 
Qpntaining, besides gold and silver, small proportions of 
arsenic and tin.'' I do not know whether they have ever' 
been able to obtain anywhere more than a few grains of 
gold to the ton by that process. Once I thought I noticed 
in kernel-roasting that some silver appeared to find its way 
to the outside of the calcining lump. Perhaps Mr. 
Collins can tell us whether it is a fact that silver becomes 
concentrated on the outside of the lumps. I do not know 
whether it was only fancy on my part, or an actual fact, but 
we certainly found silver on the outside edges of some of 
the pieces, and copper sulphide in the centre. As to the 
remarks made by Mr. Collins with reference to the applica- 
tion of the Bessemer principle to the Bio Tinto ore as 
Cfkrried out by Mr. Bawden, the use of 2^ inch tuyeres was 
probably the cause of any non-success. What is wanted is 
a very large number of small tuyeres, so arranged that they 
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codM be removoil from below the matte, sbonld occasion 
require. This is rather a hasty review of Mr. Collins' 
exhaastive paper, but I trust, Mr. Chairman, yon will take 
the spirit for the deed. 

Mr. Bbnidict Kitto: The paper is bo very exhanstire 
that one should read it over carefully before maldng 
any remarks at all upon it. A simple reading, even when 
performed so audibly and distinctly as Mr, Collins has 
done, is hardly sufficient for one to put one's ideas together 
npon such a very minutely and carefully written paper, I 
may say with regard to one of the processes mentioned 
by Mr. Collins for precipitating the copper — namely, the 
Hartmann, as need at ilio Tinto — the company made some 
very exhaustive and large experiments upon that method of 
precipitation by means of sulphuretted hydrogen, generated 
in the manner described in the paper, and up to a certain 
point it was successful — that is, up to the point of the 
actnal precipitation which produced a very fine mnd of 
sulphide of copper ; but they found that it required so 
much handling, and was so messy, that really the 
process was practically unworkable. I believe that is the 
reason the very expensive plant which they erected to 
try it on a large scale has been removed. In regard to the 
process of rousting to pi-oduce a sulphate from the sulphide 
of copper, nine or ten years ago I made n series of 
experiments in a icverberatory furnace, and I got some 
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see what they are producing from the ore and what they 
are throwing away. Mr. Collins, having been the chief 
chemist there for some years, will know that the company 
took very great care indeed to get the best possible results 
out of their ore. Nor were they satisfied with their 
elaborate arrangements upon the spot. For some years 
they kept an experimental laboratory open in London, 
with a view to test the matter further in this country. 
These experiments in England have been given up for 
some time, but I just mention this to show that the Rio 
Tinto Company are working in a very careful and scientific 
manner so as to get the excellent results which they 
obtain from their low class ores. 

Mr. A. L. Collins : I should like to refer to one of the 
many points raised by Mr. Vautin — that is, as to the con- 
centration of silver along with copper in the kernel roasting 
process. Professor Vogt, who has very carefully studied 
the question in every way, and experimented on the 
point, at Foldal and elsewhere, told me that not only 
copper, but cobalt and nickel, and, I believe, silver also are 
concentrated in the kernels along with the copper ; so much 
so that he has proposed that the process should be worked on 
a practical scale for the nickeliferous pyrites of Norway. I 
believe the concentration of the cobalt and silver is not in 
so great a ratio as the concentration of the copper, but it is 
nevertheless very distinct. 

The Chairman : If no one else has anything to say just 
now, I will ask Mr. Collins to reply to the questions which 
have so far been asked. 

Mr. J. H, Collins : Several of the questions put by 
Mr. Fowler and others must be answered by a reference 
to the paper itself. It was so long that I was obliged 
to leave out a great many details in reading it. Mr. 
Vautin^s first question is very easily answered. When you 
get a very poor precipitate the bulk of what is left 
after extracting the copper is oxide of iron. There is a 
certain amount of mud, because the water is sometimes 
dirty, but the bulk of it consists of oxide of iron. Some- 
times there are pieces of metallic iron. I£ tin scrap is used 
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there is a certain proportion of tiii also ; if cast iron is nsed ' 
there is a good deal of carboD. With regard to the use of 
nitric acid and nitrates in the extraction of copper from low 
grade copper ores, this seems quite outside the scope of the 
paper — a very interesting thing in the laboratory, but I do 
not think it can ever be practically applied on the lai^e scalo 
to low-grade ores. With regard to precipitating copper 
solutions with melted pyrites or matte, that is another question 
altogether. Solutions hare been very lai^ely passed through 
fine ore, but I am not aware of any very extensive 
experiments which have been made on the lines of 
his suggestion in the use of pyrites which had been 
melted and partially enriched. That is certainly a very fur ' 
subject for experiment, and, perhaps, not an unhopefol 
one, though I fear the precipitate produced would be 
rather foul. I do not linow wherein the Austin process 
differs essentially from the Hollway process. It seems 
to me, from the little I have heard about it, to be 
very like what Mr. B.iwden did at Rio Tinto. There 
is no doubt with regard to the Hollway treatment that 
one of the great difficulties has been the lining. The ' 
melted pyrites attacks almost every kind of lining very 
powerfully, bnt, as Mr. Vautin has said, a water jacket ' 
of metallic iron will resist it fairly well, and I dare- 
say a lining of some form of crushed coke mixed with 
ight be used. At any rate, it is ouly in the earlier 
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the Canadian practice, but rather the reverse. As to 
the Maidenpec process, I do not know much more about 
it than what I have said in the paper. There was clay 
sometimes used to brick the ore for calcining, but how 
much, or how much sulphur, was left after calcining 
I am not able to say. With regard to the Longmaid 
process, I think it would not be applicable to rich ores of 
gold, but it is very successful with low-grade siliceous ores 
of copper containing small quantities of gold and silver. 
The query as to the situation of the silver after kernel- 
roasting has been answered by Mr. Arthur Collins. Mr. 
Fowler^s formulae are, as I have said, a little outside the scope 
of my paper. I have not particularly studied them, and 
should not like to say very much about them just now, though, 
of course, I have notions of my own on the subject. With 
regard to the first, there is no doubt about that ; it is the 
truth, but it is not the whole truth. It would be the whole 
truth if the copper solution consisted simply of sulphate 
of copper. There are, however, a great many other 
substances present, and they might perhaps necessitate a 
complex formula instead of a simple one like that. But 
this whole question of the chemical formulas of the different 
processes is outside the scope of my paper, which is already 
too long. I think it would be interesting to some of us who 
are chemically inclined to discuss it, and I would suggest 
that Mr. Fowler should bring before us a paper on the 
chemical reactions of these various processes. With regard 
to the strength of the solutions, no doubt Mr. Fowler has 
been correctly informed that it pays better to leave a little 
copper in rather than to extract the whole. We used to assay 
from the various canals every day samples which had been 
taken during the whole time — a drop at a time for 24 hours 
—we assayed every day the various liquors going into the 
tanks and the liquors going out of the tanks. They did 
not attempt practically to get the liquors with less than 
about 7 or 8 up to 20 or even 30 grammes to the cubic 
metre. Sometimes they were very high indeed, which 
showed bad work, or else an inability to compete with 
floods. Eight grammes to the metre is, of course, strong, 
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compared with tbe wat«r that was aaccessfuHy treated in 
the Camon "Valley in Cornwall. II soch liquors as run away 
into the river at Rio Tinto conld he got into the Gamoa 
Valley in Cornwall, we ahoald see a very large industry 
springing up there ; but that does not imply that the wOrk 
done at Rio Tinto is bad work. Mr. Eitto referred to the 
Hartmann process at Bio Tinto, with which I had a good 
deal to do, not with the process itself, but with the results 
of the process. It ia quite trne that the precipitate pro- 
duced was a very tronblesome one. It was very bulky, 
as everybody will know who has precipitated copper with 
sulphuretted hydrogen in tbe laboratory, but still I do 
not think that was tbe reason the process was given up. 
The precipitate, bulky as it was, might have been com- 
pressed in filter-presses, and that would have reduced its 
bulk very much. After that it might have been, as in fact 
it was, calcined until it contained 60 per cent, of copper, 
and was more or less sintered together. Every metallui^ist 
will know that with a sintered product of 60 per cent, of 
copper there is no further difficulty. The fact is the 
process was an expensive one ; it could not be worked at 
Rio Tinto as cheaply as other processes, and I think tbe 
most was made of the inconvenience of the bulky precipitate 
by way of excuse for giving it up. Mr. Kitto's experiments 
on tbe roasting of copper ores to a soluble sulphate, bear 
out tbe few remarks I made about Bankarf a process. It is 




( 57 ) 

process has been at work now for about two years on some 
ore containing only 3 per cent, of copper, that nitrate of 
iron is used in the fii*st instance, and that they have a 
method of regenerating their solution. He assured me it 
was a complete success, so much so that I certainly tried it 
in the laboratory on a small scale, and found that it acted. 
They have treated up to the present time some 8,000 tons 
of copper. If you will allow me to refer once more to what 
has been said about the condition of the copper precipitate 
as a sulphide by the application of sulphuretted hydrogen, 
the copper precipitate, by the use of solid crushed sulphide 
of iron is of course in an entirely different condition, and 
easily handled. 



The Chaibmait then announced that the discussion 
would be continued at the next meeting. 
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SECOND OEDINARY MEETINa 



The Second Oedimaey Meetiko of the Third Session toot 
place at the Museum of Practical Geology, Jermyn Street, 
S.W., on the eveniag of Wednesday, December 20th 1893, 
at 8 o'clock, 

Mr. Geoboe Setmoub (President) occupied the chidr. 

The Secbetabx read the minntes of the last meeting, 
which were duly confirmed, and also announced the names 
of gentlemen who had been admitted to the Institution 
since the date of the last meeting. 

The discnssion on Mr. Collins' paper was then continned. 
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THE ECONOMIC TREATMENT OF LOW 
GRADE COPPER ORES. 



DISCUSSION (Continued). 



Mr. A. G. Cetableton : The title of Mr. Collins' paper, 
" The Economic Treatment of Low Grade Copper Ores/' 
affords us, I think, many important points for consideration, 
and we all of us must feel grateful to Mr. Collins for the 
clearness and conciseness with which he has dealt with the 
subject. As regards its title, I would like to remark that the 
primary object of mining (so far, no doubt, as it concerns the 
consumer) is to obtain certain metals and minerals needed 
for carrying on the various industries and exchanges of the 
world at the lowest possible cost. For the mining engineer, 
however, who represents the producer, the chief aim of 
mining is, without doubt, to earn the largest possible profit 
on a given expenditure of capital entrusted to him. The 
joint operation of these laws naturally tends to cheapen the 
average cost of production all the world over. Since the 
average cost of production to a large extent regulates the 
market price of every metal when supply and demand 
balance one another, it is of the utmost possible importance, 
not only to the producer but equally so to the consumer, 
that the miner should study every possible means by which 
the local cost of production can be reduced ; and also that 
he should ascertain for himself what the general average 
cost of producing the metal actually amounts to on a given 
unit, such as the lb. of copper. Papers like Mr. Collins' 
add certainly to our stock of valuable information on the 
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former subject. Mr. Colltna refers, I notice, to the Atlantic 
Mine, which is indeed a remarkable inatance of an admirably 
managed property, paying dividends regularly from 
workings becoming deeper and more extensire year by 
year, and on one of very low and declining yield. It 
appears, in fact, as Mr. Collins says, that the total yield of 
copper obtained per ton of 2,000 Iba. of ore milled 
amounted to only '65 per cent, in 1891, compared with '98 
per cent, in 1874 and 1875. This declension in yield, it 
should be remarked, has been gradual, and has followed the 
increasing output oE the mine — thas, when in 1880, 
169,825 tons of ore were stamped, the yield fell to '71 per 
cent, J where in 1888, 298,055 tons of ore were stamped, the 
yield fell to '06 per cent. Previous to 1880. 122,668 tons 
was the largest qnantity milled in any one year. Whilst Mr. 
Collins' statement of the tenor of the ore in 1891 ia, I 
believe, unquestionably correct, I venture to think he 
places the value of the ore per ton rather too low. He 
values it at 63. 5d., but, if I am correctly informed, I am 
inclined to believe it could not have been worth less thaa 
6s. lOd. The selling price of Atlantic copper ia 1891 is 
officially reported to have averaged 12'6 cents, per lb., 
and if tho produce is reckoned at '65 per cent, 
on this basis the value of the ore ought to have been S1.638 
= 6s. lOd. per ton. The difference in our figures is made 
by adding 5cl. to Mr. Collins' estimate, -which. 
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the same as 1891), $1'55, including in this sum smelting 
and freight, which cost 1"2 cents per lb. of copper smelted, 
and oflSce expenses, salaries, taxes, &c., reckoned to have 
cost "3 cents per lb. of product. Adding the profit of 12 cents 
per ton milled in 1891 to $1*55 costs, would make the value 
of the ore $1'67, or a trifle higher than I have reckoned it in 
1891. The total cost in 1890, and also in 1891, amounted 
to 11*8 cents, per lb. of metal, and yielded in the former 
year a profit of 3*1 cents per lb. of copper, or 40 cents on 
the ton of ore. Considering the amount of work involved 
in mining, sorting, and transporting the ore from the mine 
to the-works, stamping and concentrating a rock containing 
only '65 per cent, of copper, shipping the concentrates a 
thousand miles to the smelter, smelting, refining, and 
marketing the product 1,600 miles from the mines, paying 
wages, which average $45 to $55 per head per month for 
the entire force at the mines, and then declaring dividends, 
it certainly is a remarkable case of skill and economy, even 
under extremely favourable conditions. Several causes 
have contributed, I think, to those results, amongst which 
1 would place — 1st, large outputs; 2nd, the introduction of 
rock-drills and high explosives, which has reduced the cost 
of stoping at the Atlantic from nearly $18*00 = 75s. per 
fathom (the figure it stood at in 1874) to about $4*33 = 
18s, OJd. in 1891. Drifting per foot has likewise fallen from 
$14-42 = 60s. Id., to $4-92 = 20s. 6d. In shaft sinking 
so much depends on the amount of water met with, as well 
as the size, section, and position of the shaft, that it has 
not been possible to show the same decrease in cost, but, 
with power drills and improved organisation, the cost has 
fallen from $30 to $36, down to about $18-00. The intro- 
duction of drilling machinery was not at once a great 
economy, but as experience extended and miners on 
contract earned higher wages by their use, their economy 
became more and more evident, and aflTected not only the 
cost of breaking ground per foot or fathom, but also the 
rapidity with which the ground can bo laid open 
and mined, hence the amount of dead work has been 
reduced, and the work can be pushed in every department 
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with an amonnt of energy hitherto unkaown. Ifc woald be 
abaolately impossible to attain the great oatpata o£ to-day 
by the old methods of work, no matter how many men were 
employed. More work per man per day is accomplished 
throagh greater facilities provided for doing itj and the hig^h 
pressure energy infused into eveiy department, by men 
striving to earn higher wages, by the nse of labonr-saviDg 
appliances; hence the great reduction in tho cost of work 
has also been accompanied by a practical increase in the 
remuneration of the workman. Tho general conduct of the 
work in and about these mines has undergone a progress 
scarcely less important than that of breaking ground, and 
the perfection of the appliances for haulage is another and 
third cause of economy in working such low grade ores. 
For instance, the Tamarack Company hoists the ore to the 
surface in double cars through vertical shafts, using com- 
pound engines of tho lleynolda Corliss type, 42 inch 
cylinders, and 84 inch stroke, fitted with 30 feet straight, 
faced drums, winding at a speed of 3,000 feet a minute. 
The ore, on reaching the surface, is dumped direct into the 
rock-breaker house, which is connected with the shaft houso 
by shoots, in passing over which the fines are screened into 
storage bins, whilst the lump ore goes to one of several 
Blake crushers, which vary in size from 9 in. x 15 in. to 
18 in. X 24 in. Tlie bins have a capacity of 1,200 tons, 
and the crushed ore and fines are discharged from these 
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a solid iron bed, upon which the anvil and mortar box rest. 
This change from the old time spring-timber foundations 
has resulted in an increase of 10 to 12 per cent, in the 
crushing capacity of the heads, and a decrease in the cost of 
repairs, which were formerly very heavy, owing to the 
frequent breakage of the timbers. These stamps are 
provided with 20 -inch steam cylinders, and are run at a speed 
of 102 to 103 blows per minute, with a drop of 24 inches. 
The shoes are of remarkably good quality iron, 
manufactured at Hancock, Michigan. One of them 
was exhibited at the World's Fair, which had run 
for 6 days 11 hours, crushing in that time 
l,363i tons of conglomerate to pass a y'^-inch mesh 
This was accomplished with a consumption of 1 lb. of 
iron only for every "3906 lbs. of rock crushed. The 
V-shaped boxes Mr. Collins alludes to are known, I believe, 
as Richards and Coggin separators. The revolving tables 
are triple-decked buddies of the Linkenbach type. The 
concentrates are of two grades, carrying about 23 per cent, 
and 84 per cent, of metallic copper respectively. These 
products are sent to the company's smelter at Torch Lake 
or to the Lake Lindon and Buffalo works. Mr. Collins 
also mentions that the proportionate loss of copper in 
dressing at Lake Superior is very small, but on that 
point I venture to differ from him, as it appears from a 
statement of Professor Munroe that the loss ranges from 
28*5 to 31 per cent, of the mineral in the ore. At the 
Osceola Mine, to which Mr. Collins alludes, the rock is 
harder than at the Atlantic, as is shown by the higher 
cost of stoping and drifting, but I should be inclined to 
doubt if it is more economically managed than the Atlantic. 
It is true that the cost of producing ingot copper in 1891 
was only 10*1 cents at the Osceola compared with 11*8 cents 
at the Atlantic. But this was due to the greater relative 
richness of the ore, which carried 1*4 per cent, of copper in 
the one compared with *62 per cent, in the other case. 
On the other hand, the total cost per ton of ore handled 
—297,030 tons— was only $1-55 at the Atlantic in 1891 
compared with $2*82 at the Osceola, which milled 
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234,325 tODS. Tbe cost at tlie other Lake Superior miiieB 
in 1891 is estimated to have been as follows : — 
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The diridendB paid "by the Qnincy ia 1891 amounted to 
40 per cent, on the capital of the company, whilst the 
Calamut and Hecia paid a lai^r dividend than any other 
company in the United States — viz., 82,000,000, bringing 
tbe aggregate of its payments up to the enormons total 
of 936,850,000. The dividends of the seven chief Lake 
f'opper Companies amonnted in 1891 to about 85 per cent, 
upon the average market value of their shares. In 1890 
the rate was only about 7*5 per cent., speculation having 
carried the price of the shares higher in proportion than 
the profits tbe minee made in 1891, as their gross profits 
were larger. The average price of Lake copper in New 
York in 1890 was 15| cents, whilst in 1891 ib was 
12'9 cents. It would seem from these figures that 
American investors expect to realise 8 to 8^ per cent, 
on iuTestments in Lake Superior mines. The Osceola 
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which treats of " mechanical concentration/' under Section 
II. The author remarks that stamping and huddling are 
only employed in the last resort, because of the serious 
losses which occur in the slimes thus produced. Now, I 
endorse his views as to the undesirability, and as to the 
effect of stamping, but I scarcely think he gives enough 
prominence to the part which huddling plays in all dressing 
operations. Stamping, it is true, is seldom resorted to in 
copper ore concentration, but crushing by the Cornish or 
other rolls is a very common practice, and no one present 
needs to be reminded that in crushing copper ore to a size 
suitable for jigging a large proportion is invariably reduced 
to a grade too fine for the jigger, and only adapted for 
huddling; and if the pulverised ore be properly graded 
prior to concentration, as it should be, a large share of it must 
perforce go to the buddies, or some kindred machine. Bud- 
dling (and under this term I include the work done by the 
Rittinger Heerde, and other percussion tables, frames, and 
similar appliances) — ^huddling, then, in all cases where 
crushing or pulverising has to be resorted to, is an im- 
portant factor in the wet concentration of copper ores — 
often as important as jigging, and is almost universally 
followed. Now a word or two as to dry mechanical con- 
centration. The author remarkii that '^ dry mechanical 
processes, though frequently attempted, have not yet proved 
commercially successful in any place known to the writer." 
Broadly speaking, my experience agrees with this state- 
ment, but there is a kind of dry dressing which, though of 
somewhat limited application, is sonaetimes adopted with 
success, and which has the merit of being simple and 
economical. I refer to the process known in the Cornish 
mines as '^ dousting." (I presume the term has reference 
to the separation of the dust from pulverised ore.) In wet 
concentration the principle involved is, of course, the 
separation of the gangue from the ore by virtue 
of their different densities, or specific gravities. 
In dousting, however, quite another property is taken 
advantage of — viz., that the ore is generally softer, 
more friable, and falls more readily to powder than 

5 
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the gaogne or Teinatone, It yon sift the fine powder 
from a quantity of crushed ore, you will find that this 
portion is richer in copper than the coarser portion. 
Only the other day I had occasion to aabmit some refrao- 
tory ore to Tariona tests — Tanning, jigging, &c. (I mean by 
" refractory " that the ore was so finely disseminated 
throughout the matrix, and so mixed with magnetite, that it 
was extremely difficult to concentrate it] , The ore bad been 
. pnlrerised by edge runners to pass a 20 mesh screen, and it 
carried about 8 per cent, of copper. I sifted the flonr or 
duet from it — that portion which would have gone away aa 
slimes if submitted to wet concentration — and found that 
nearly 60 per cent, of it would paBS a 60 mesh screen, and 
that this gave an assay of 10'85 per cent, copperj that is to 
Bay, about 80 per cent. (81'8 per cent.) of the copper con- 
tained was found in the fine powder or duet. This 
illustrates what I am going to say about the method of dry 
concentration called " dousting." By this method they 
used to concentrate and enrich some of the ore in the good 
old days of copper mining in Cornwall, and I have also seen 
the process saccessfully adopted abroad. Let me mention a 
case at the Cape copper mines, in Namaqualand, the bulk of 
our ores was sulphides — chalcopyrite and erubescite — and 
these ores, associated with a hard siliceous gangue, were 
readily amenable to dousting, which I had the satisfaction of 
introducing there. We trained our Hottentot, Damaras, 
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quality of the ore available, and by tbe quality required; 
the bulk of the ore was found in the fine powder, and. in 
• this way a large proportion was obtained rich enough to go 
to the clean ore heap. The coarser part, which consisted 
mostly of hard gangue, and a little ore,, was subsequently 
crushed finer, and cleaned by jigging or huddling. I cannot 
quote exact figures, but of the 700 tons of 30 per cent, 
copper ore we used to raise monthly, about 30 per cent., I 
should say, was produced by dry concentration. I have 
followed Mr. Collins* remarks on copper precipitation with 
much interest, as I have had opportunities of visiting some 
of the works he has referred to, as, for instance, the Mona 
Mines, the Pary's Mountain Mines, and the Devon Great 
Consols Mines. As to Devon Consols, it was the practice 
there for many years to precipitate the water coming from 
the mines ; I am not aware if this is still being done, but I 
believe the copper contents of the water has fallen off very 
considerably for several years past. Referring to the year 
1886 — 87, the water from the old Whe^l Maria Mine con- 
tained, I am iuformed on good authority, an average of 10 
grains of copper per gallon, of which about 8 grains, or 
80 per cent., were recovered by precipitation. Wheal 
Josiah Mine water contained about 6 grains to the gallon, 
of which about 4 grains, or, say, 60 per cent, were extracted. 
These figures correspond very nearly with those given by 
Mr. Collins. At the period referred to, the quantities of 
precipitates sold for the year were : from Wheal Maria, 
12 tons of 50 per cent, copper ; Wheal Josiah, 15 tons 
of 50 per cent, copper, and 2 tons of 20 per cent, 
copper. Wrought iron was always preferred as the 
precipitant, although cast iron was also used. The con- 
sumption of iron was rather more than 4 tons to 1 ton of 
pure copper contained in the precipitate. The stronger the 
solution, the richer the precipitate, as Mr. Collins points 
out. It was found that it was not remunerative to treat 
water containing less than 2 grains of copper per gallon. 
Since 1886 — 87 the mine water has gradually become more 
sterile, and the quantity and quality of the precipitates 
have greatly fallen off. In 1890—91 only about 2 tons 
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precipitate was obtained, contaiQing 17 per oeat only of 
copper. 

Mr. Thouas Bickard : I bave only within the lost two 
boors receired a copy of thia paper, so that I am afraid 
I am rather nQpra[»red, hot the range embraced u so 
wide, and there are so many subjects to talk aboat, that 
I shall be able, I suppose, to make a few remarks on 
certain points that may not be oat of place. Beferring to 
Mr. Garland's remarks as to bnddling, there can be no donbt 
in the mind of anyone who is practical on the subject that 
the section of the mechanical treatment of minerals which is 
most defective is that of huddling, and I think we hare 
to desire and devoutly wish for improvement particnlarly 
in that department of dressing. So far as I know, there 
is hardly a dressing establishment in existence which 
does jastice to slimes. There is another point with regard 
to this which is important — namely, that the slimes, not 
being separated at the very beginning, always filter 
through the sands, and the sands, therefore, take away 
a very essential part of the value of the slimes. There 
is little doubt that the proper method of dealing with 
slimes would be to separate them at the very starting point 
after the crushing. I think Mr. Garland was himself once 
connected with an operation in mines in Switzerland 
where that method was adopted most successfnlly, and I 
am astonished that it is not being introduced more in 
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a big order to apply " dousting '' op winnowing to 
a mine producing a million tons annually. It is con- 
ceivable, but it seems hardly to come witbin tho domain 
of the practical. It may be a very good thing in the 
Cape — ^in Namaqualand — no doubt it was in the particular 
circumstances described ; but I very much doubt whether 
in handling such stuff as they have to deal with at the Bio 
Tinto and other mines, that process would be adaptable. 
Although the subject seems to be old, and, to some extent, 
familiar to most of us, yet it has within its range several 
new things. One particularly is that of the adoption of the 
Manhes process, and I hope Mr. Collins, who dismisses this 
part of the subject with a few modest lines, will amplify 
it a little more in his reply, and give to it the pro- 
minence which it merits. I saw the Manh6s process at 
work during a visit I made now four or five years ago, 
and I thought at the time it would lead to very important 
developments. I eagerly scanned the paper when I received, 
it, hoping that I might find the working of this process 
described in detail with its results to date. The author 
has dealt very fully and very ably with the great question 
of smoke — the smoke nuisance, as it is called, and a nuisance, 
indeed, it is ; the question of smoke in London being, 
perhaps, hardly so serious a subject to us as this is to the 
good people down at the various mines in the Huelva district. 
The question has for a long time been a subject of the gravest 
consideration to the authorities and exploitants alike, and 
there has been a good deal of effort to devise some means 
to overcome or mitigate it. It would seem from Mr. 
Collins' paper that the Doetsch process shows something 
like a probability of an approximate solution. The author 
dismisses rather more curtlv than one could have desired 
the question of the effluent waters. One would have 
supposed that with so many first-class scientific men as have 
been connected with Rio Tinto, there might have been some 
adequate attempt to utilise in some way or other the 
enormous quantities of metals carried off by these effluent 
waters. It seems, however, that one must conclude, as 
nothing has been done, that they have no economic 
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value. I am not. in a position to snggeBt wliat might; 
be Uie best means of atilising those waters; bat the. 
qnantit; being eo enormooB, and there being sach a 
constant supplj of them in s coantry bo near the sea, one 
ironld have supposed that chemists might possibly have 
BQggested some means of ntilising them. The process of, 
dealing with the ores at Rio Tinto is not so efiectaal in 
wring the copper as wonld appear on tho surface. Certainly ' 
all dressing is attended by a great waste of metal — greater 
than engineers are generally willing to admit ; and I think 
it is evident from the figures given, and from tho context 
of the paper, that a very large quantity of copper is lost. 
I do not mean to say that that is any reflection upon the 
work, because we all know that the process by which those 
ores are dealt with, is practically as near perfection as it can 
be; yet, in the case of both Maidenpec and Kio Tinto, only 
about ttree-iifths of the copper is extracted from the 
open air calcined slabs by the first lixiviation, and an 
unknown but relatively feeble quantity afterwards. Now, 
one would like to know exactly what is the absolute loss. 
It would seem that that is a point which is capable of 
being stated, and if it could be stated (if for no other 
reason than a scientific one) it would be very useful. Then 
I revert to the question o£ waste from fioods. It is 
evident that not only does a very large qnantity of the 
copper go away in the waste matter that is ejected by 
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ways in whicli this form of electro-metallurgy may by- 
and-bye become mach more important and more largely 
used than it is at the present time. ^'The solutions 
may either be obtained (1) direct from the ores, or (2) 
from slabs of matte, or (3) of black copper produced 
by previous smelting/* Now, I would submit to Mr. 
Collins, who, no doubt, is acquainted with the history 
of electro- metallurgy as applied to copper, that for a very 
long time black copper has been submitted to that process, 
and I believe it is in use very largely even now among the 
refiners in Swansea, and I believe I was the person to 
propose its introduction there first. It has been in use at 
Mansfield nearly twenty years, and then again it has been used 
by Messrs. Siemens in their copper works in the Caucasus 
for a very long time. That is precipitation from solutions 
of black copper, but there has never yet, so far as T know, 
been any operation approaching to success with anything 
but black copper. I would suggest that there is nothing 
to indicate, at least so far as is published, that the pro« 
cess applies to the treatment of copper direct from the ores 
or to mattes. I do not, therefore, think the delightful 
prospect that the paper holds out to us, of the treatment 
of copper ores by electro- deposition is a thing so likely 
to have a speedy realisation. I daresay it is within the 
recollection of many of the members of the Institution 
that a very large establishment was put up somewhere 
between Genoa and Chiavari on the coast of Italy for 
this particular treatment, and an enormous capital was 
expended by Genoese under the management of 
Engineer Marchese. For a time they thought they had 
found the means of making an entirely fresh start in the 
metallurgy of copper, but the whole thing failed after a 
thorough trial and a very large expenditure of capital. 
Other trials of a similar kind were made here by certain 
parties who had patents in London. I witnessed 
some of the experiments, and it was quite clear that they 
failed through the diflSculty of getting a cheap solvent 
for the matte. There are a number of other subjects 
that I might speak upon, but I think, Mr. President, 
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if yon will allow mei I will conclude with these remark 
Mr. Gabund : It mast not be understood, with reference 
to a remark that fell from Mr. Bickard, that I suggest 
that donsting is universally applicable, or is adapted for all 
kinds of copper ores, or even for all the ores of any given 
mine, least of all for cupreous iron pyrites. Mr. Bickard 
made some remarks about a mine yielding millions of tons. 
He had in mind Eio Tinto. It is only adapted for limited 
application, and for certain kinds of ores, as heavy sulphides, 
where there is a hard gangue. 

The Peesidbht : I think, Mr. Garland, everybody under- 
stood what you meant to convey, and the bulk of as onder- 
staud that that process was more especially adapted for 
rich ores such as you had out at the Cape Copper Mine, 
where, having very little water, you wanted to make as 
much as you could of the air. As regards Mr. Charleton'a 
remarks about the great improvement in the Atlantic Mine 
at Lake Superior, I think the progressive improvement was 
in a great measure due to the improved machinery which 
they employed there between the periods to which Mr. 
Collins referred. If I remember rightly, in its earlier days 
the Atlantic Mine had a very hard struggle for existence, 
and although tho percentage of copper was, I think, lower 
than in any of the mines on Lake Superior, still it became 
one of the greatest successes. But they had to reform the 
whole of their dressing machinery, and they paid very great 
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cronst. G oing to have a " croust " originally came from having 
a cnist^ and so the derivations are approximately parallel at 
any rate. After all, " dousting " seems to be very much on 
the principle of some of these machines which have been 
exhibited in the City within the last three or four years for 
blowing the dust away from the gold. I do not know 
whether they ever met with any extended practical appli- 
cation. Unless any other gentleman has any remarks to 
make, I will call upon Mr. Collins to review the criticisms 
which have been made upon his very admirable paper. 

Mr. Collins : Mr. President — To the remarks made on 
the last occasion I replied then. Mr. Charleton has not 
given me much ground for reply. He has given us a great 
many additional figures in connexion with the Atlantic 
Mine which I think will bo of service, but most of them 
deal with mining operations which were outside my subject. 
The same may be said of dividends, and of methods of 
handling which are common to every kind of ore. I have 
tried, knowing how wide the subject was, to limit my 
remarks to those special points which came within it. 
Mr. Garland's remarks I listened to with a good deal of 
interest. He was referring to the dusting or ^^ dousting ^' 
out of fine particles of rich mineral from high-grade 
ore. Wo have nothing to do with high - grado ore 
just at present, and I think he will admit that the 
slimes and the dust from low-grade ores are only 
in exceptional cases worth saving at all. The most extreme 
case I ever heard of is the one I refer to in the paper — 
where extremely poor cupreous pyrites were treated in 
Roraas, in Norway, with a certain amount of success. Mr, 
Rickard's remarks were, I think, very interesting on many 
points, I will say nothing more about the slimes. He and 
I are pretty clearly of one opinion there. With regard to 
the very interesting Manhes process, it is quite enough 
for a paper by itself. Like the HoUway process, it is 
really, as we all know, one form of development from Sir 
Henry Bessemer's discovery. When sulphur is combined 
with the metal, you can utilise that to get the metal nearer 
to purity ; and so, whether we speak of the Hollway 
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process or the Maolids process, or give tlie process tbe 
different namee it has Utel; reoeired in the United States, 
it is essentially tbe same thing— boming oat the aulphar ' 
contained in the ore, sad nsing the heat bo prodnced to 
bring the material a stage further forward. It is a very 
interesting subject, bat it would have taken me too far 
from the limits I laid doirn for myself, and would have 
made the paper too long if I had said more aboat it. 
The reasoo why smoke is produced In such large 
qnantities at Bio Tiuto more particalarly, is that it is 
cheaper to waste the snlphar than to sare it. There is 
no other reason than that, and the inconvenience has to 
be pat up with. Some day, if it gets too troublesome, I 
suppose it will be put down ; bat, in the meantime, it is 
purely a question of cost. And so as to the bye-products of 
the effluent waters at Rio Tiuto. It is possible that I may 
trouble the Institntion some day with some remarks on this 
question of bye-products, the consideration of which was 
also excluded from the aim I had before me. There are 
three in particular — iron sulphate, zinc sulphate, and ochre 
—which exist largely in the efBuent waters at Rio Tinto. 
Many experiments hare been made upon the subject, aud it 
has been clearly ascertained that, under the existing con- 
ditions of the market for such products, it does not pay to 
get them out. As to the loss from not getting more than 
three-fifths of the copper from the burnt ore at the first 
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compared with the quantity which is obtained. It is a 
small relative loss^ and the reason why it has been so much 
in the past is that the works at the mines have been con- 
tinually growing; the product of the mines has been 
continually out -stripping the arrangements for treating it. 
But when you remember than there are reservoirs at Eio 
Tinto containing, I think, 10,000,000 cubic metres of 
water, you will see that storage has not been lost sight 
of. With regard to electro-deposition methods, I did 
not know that I had spoken very hopefully. Perhaps I 
did not express myself quite "clearly. I did not suppose 
that we should find an electrolytic method of getting copper 
direct from the ore. What I meant was getting it direct 
from the copper solution, and I am not sure that there is 
not some hope in that direction. Metallic copper has been 
obtained electrolytically from copper matte— -I cannot say 
with much success from an economical point of view, but 
certainly in quantities of many tons at a time — and it is 
just possible that some improvement may be made in that 
process. With regard to its extraction from black copper, 
as Mr. Eickard says, that is a well-known process, and a 
very successful one. The few remarks with which the 
President favoured us need no reply. It is, as he said, that 
although the Alderley Edge ores were extremely poor — 
probably the poorest oxidised ores ever treated on a large 
scale, yet they could be and were treated for a time with 
profit, because of the high price of copper, and the fact that 
the acid was got practically for nothing. I do not know 
that I have anything more to say, gentlemen, except to 
thank yon all for the kind manner in which yoij have 
received the paper and my following remarks. 

" Mr. Vautin then read the following paper : — 
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THE "DIRECT" METHOD OF 
PRODUCING REFINED COPPER. 



Bt Ciaudb Vautis [Member). 



This mettod (patented Not. 21at 1890, Ko. 18,898, by T. 
D. Nicholla, Christopher J&mea, and the Cape Copper Oo.) 
is based upon the well-kDown reaction between oxide of 
copper and sulphide of copper npon their being melted to- 
gether, sulphnroas anhydride being given ofT, and metollio 
copper remaining, which is directly refined in the fnmaoe 
in which it is produced. White metal is tba prodnct pre- 
ferred for the operation, and this is cruBhed throngh s 
3-8tha screen, part of it is calcined nearly sweet, mixed 
with the requisite proportion of nncalcined and filled into 
a refinery furnace, melted, skimmed, refined, and laded into 
ingots cake, &c., as may be required, the operation of 
melting and refining taking tho same time as if a charge of 
pimple or blister copper were operated on. This method 




( 77 ) 

puts through about 10 tons a day running continuously 
and calcining the metal much better than the old calciners. 
The calcined metal is sampled, and the sample mixed with 
a portion of raw metal — melted in a crucible, and, from 
the result of this trial, the proportions of the refinery 
charge are determined ; if the button of copper is covered 
with slag, then the proportion of raw metal must be 
increased, or, if the button is coarse or covered with regale, 
it requires more calcining, the pitch aimed at being just 
below blister copper when the whole charge is melted. 
The weighed proportions of raw and calcined metal are now 
mixed for a 15 ton charge, say, 9 tons of revolver calcined 
and 6 tons raw, or 11 tons reverberatory calcined metal 
and 4 tons raw metal. The mixed charge of raw and 
calcined metal is filled into the refinery whilst it is still 
hot from the previous ladleing, the furnace closed up and 
fired hard. In 4 or 5 hours the charge softens and 
flattens down, copper forming on the surface, and, as this 
hot copper penetrates the charge, a gentle yeast - like 
working takes place, dense fumes of SOg are given off, so 
much so that the furnace flue is often inadequate to carry 
them off" quickly enough, and they force out through every 
crack, the heat produced by the chemical reaction aiding 
the reduction, and the whole charge is quickly melted 
down. The proper mixing of the charge having been care- 
fully attended to, very little slag is made. The furnace 
is now skimmed, when it takes about half an-hour's 
rabbling to set it, and it is ready for poling as if 
ordinary blister had been used. Each refinery works 
a charge of 15 tons metal, making 11 tons copper every 
24 hours. 

Various trials were made at the commencement of 
working this method to ascertain the best (and, of course, 
the cheapest) pitch to which the metal might be calcined 
in order that the refinery work should be properly done, 
and it was found that although when the metal was 
calcined to black oxide it would decompose its own weight 
of raw metal, and when calcined to red oxide it would 
only decompose about half its weight of raw metal^ yet 
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the cost of the extra calcination was bo heavy as to 
counteract the saving by aaing more raw (and conBequently 
less expensive) material. In practice it is foaud that the 
calcined metal often contains from 1 to 1^ per cent, of 
Balphnr, and yet requires the same weight of raw metat 
to properly decompoge it, as if it were all red oxide ; this 
being probably due to the formation of portions of enlphate 
of copper daring the calcination, the oxygen of which 
- reacts on the snlphnr of the raw metat when melting in the 
refinery furnace. 

Tho introduction of this method of working at the 
Cape Company's works has proved in every way a success, 
and no money was expended in experiments. The first 
charge tried proving as great an improvement as each 
succeeding one; the only change made at the works 
being the Sowing out of a lai^e number of roasters 
and turning into cash the copper locked up in their 
bottoms. The fact that about 14,000 (fourteen thousand) 
tons of ingots of excellent quality {beat leleet) have been 
made this way, and that not one ingot has been complained 
of, whilst the ingots made from blister copper out of 
precisely the same materials have now and again failed 
to give complete satisfaction, speak highly in favour of 
the "Direct" method, A careful comparison of the old 
roasting process for the twelve mouths preceding the 
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per cent, less slag to be re-treated, whilst the actual cost 
per ton of ingots made was ISs. 6d. per ton in favour 
of the Direct process. Now, it costs just as much to 
make white metal, whether it be afterwards turned into 
copper by roasting, or by the " Direct " method ; but 
the proportion of that cost to be borne by each ton 
of iugots is very diflFerent, as will be seen by the following : 
If it costs £4f per ton to make white metal, it costs 
£400 to make 100 tons white metal; if this white metal 
produces 54 tons of ingots by being roasted, the cost 
of making white metal will be £7 8s. 2d. per ton of 
copper; or, if it be treated by the ** Direct" method, 
and produces 74 tons copper, the cost per ton of ingots 
be only £5 8s. 2d. per ton of ingots, a saving of £2 per 
ton of ingots in the making of white metal, in addition 
to the saving of 13s. 6d. per ton of ingots in the actual 
treatment of the white metal after it is made. 

The advantages of the '*Direcf method over the 
roasting method may be summed up as follows : — 

A much larger yield of copper ingots per ton of white 
metal made, thus increasing the output of any 
present plant. 

An excellent and uniform quality of copper. 

Great reduction of cost. 

No expense in starting the method, since all copper 
works have crushers and calciners. 

No especially skilled labour wanted, the ordinary 
furnace and calciner men working one process as 
readily as the other. 

In starting a new works on this method less capital 
is required, because no copper is locked up in 
roaster bottoms. 

An old works adopting this process can turn the 
immense quantity of copper in their roaster bottoms 
into cash. 
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Cracible experiments show that the many impnritiea 
found in copper ores can readily be got rid of by making 
more slag, arsenic and Other volatile impurities being* 
carried off completely, Trhilst those that mnat be slagged 
olF by roasting can, by the " Direct " method, be cleaned 
up in about 1-Srd of the quantity of slag produced by 
roasting. 



DISCUSSION. 



Mr. J. H. Collins : I am very sorry that there is not some 
copper smelter present to deal with Mr. Vautin's very interest- 
ing little paper. To me the new process seems extremely 
simple, and I wonder why it was not found out before; 
but I cannot help a sort of suspicion that there must be a 
little more to be said against its general use than appears 
JDst at present. For instance, notwithstanding Mr. Yantin'a 
concluding remarks I should expect that this method would 
not be very readily applicable to copper obtained from very 
impure ores, though it may be very suitable for such 
ores us those of the Cape Copper Company. With 
regard to rolls, the Krom rolls difEer from Comisb rolls 
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Colorado, and is recognised as one of the leading metal- 
lurgists of the United States. Now, Mr. Pearce has 
gradually developed what seems to me to be the most, 
perfect roasting furnace ever yet built. I can give you 
very easily a general idea of it. It is an annular furnace. 
The hearth forms a complete circle except for a small arc of 
4 or 5 feet, and the ore is fed in continuously at one 
side of the gap. It is carried round at a rate which can be 
varied in a very simple way by rabbles which discharge at 
the other side of the gap. You can regulate the furnace 
working by the amount of material you feed in, and by 
the pitch of the rabbles which discharge the roasted 
material. These rabbles are continually stirring it up. The 
fire playiog through the chamber is aided by a very gentle 
blast, which is just sufficient to keep up a continual 
circulation of fresh oxidising air. A furnace capable of 
treating 26 tons per day is easily worked by one man in each 
shift who attends to everything, so that with dear labour, 
and not very good coal, the total cost of perfect roasting — 
as perfect as I have ever seen it — does not exceed 60 cents. 
a ton. I think it will be very hard to beat that. 

Mr. D. A. Locis : I agree with Mr. Collins that this 
seems so extremely simple that it is surprising it has not 
been introduced before. With the small though long ac- 
quaintance I have with the Swansea process, it really pains 
me to think that, according to Mr. Vautin, it is apparently 
doomed to disappear. It always strikes one as a monument 
of industry and perseverance ; for the development of the 
Swansea process to its present state must have been the 
result of years of careful thought and practice by various 
generations of metallurgists who have gone before us. I 
think Mr. Vautin has overlooked something in that roasting 
furnace ; it is extremely interesting to watch this process 
going on. The white metal is put in in lumps, and is 
heated comparatively slightly to start with ; as it gradually 
melts, the material trickles down, and not only does much 
oxidation at the surface take place with the production of 
a certain amount of copper and its sub-oxide ; but inasmuch 
as this oxide dissolves in the copper and mixes in the 

6 
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molten mass, it, at the expense of its own oxygen, effects 
the oxidation of undecompoaed matte. After it is melted 
and ceased to continue at tlie sarface, one can then see an 
evolution of gas going on all over the mass, which, in 
tact, gives rise to the so-called blistered appearance. Now, 
I think the point Mr. Collins touched upon as regards the 
parity of the ore was very cogent. By the Swansea process 
of roasting the white metal, there is every opportunity 
^ven for various imparities to go away steadily — iron, for 
instance, small thoagh its proportion may be — into the sli^, 
arsenic and antimony by oxidation and volatilisation. In 
the process suggested by Mr. Yautin, portions of the white 
metal, with all its impurities, is goiug to be put into the 
refinery, and charged along with roasted matte. In that 
case it seems probable that there may be greater diflGcnlty 
in getting rid of the arsenic, &c. ; hence, whilst successfal 
with a pure matte, the suggested operation might not prove 
economical with a very impure matte or ore. With reference 
to the fact that some of these coppers have proved to be 
equal to other coppers said to be bost selected, it is not 
much recommendation unless the chemical characters of the 
latter were ascertained. The point seems to me to be this : 
the old process does get rid of these impurities in a very 
thorough manner, and it has always been thought extremely 
ondesirable to put into the refinery any sulphury matter or 
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necessitate heating for a considerably longer period^ and 
a consequently greater outlay. This, however, is very 
thoroughly roasted, and volatile impurities would naturally 
be got rid of. This material which has been obtained at 
this extra expense and purified by this vigorous roasting, is 
mixed up with stuff from which impurities have not been 
removed, and the purification of the latter is left to the 
chance of its coming in contact with particles of infused 
oxide. If this contact is good, the purification should be 
good, and vice versa, I think Mr. Vautin said it required 
rabbling. One knows that this mechanical means can never 
be so perfect as the mixture by fusion I have mentioned. 
It is well known that in the ordinary process the mass 
becomes in the manner already noticed, impregnated with 
cupreous oxide, and should be quite as well or even more 
thoroughly purified than by any mere mechanical mixing 
with this oxide. I have jotted down a few points that I 
thought would be interesting to know. They are : what 
quantity of metallic copper and of what chemical quality 
is produced in a given time from ore or matte of known 
composition, and with how much fuel and how much 
labour ; and upon what size of furnace, because the size 
of the hearth and the fireplace are very important points. 
I think Mr. Vautin's paper is extremely interesting, and the 
subject is a very attractive one. It is very gratifying 
to hear of these practical applications of chemical re- 
actions in metallurgical operations. 

Mr. Thomas Eickard : I think Mr. Claude Yautin, who 
has given us this paper, has quite taken away our 
breath ; at least, he has mine. The most wonderful part of 
it is that the process seems to come full fledged into 
existence; and in his exultation the author scarely con- 
descends to give us the genesis of this discovery. Now, I 
do not think that at Swansea there would be that amount of 
surprise at t^is thing that he seems to suppose. After 
all, the reactions have a very strong family likeness to 
those which take place in reverberatory lead smelting, in 
the ordinary Welsh and Silesian furnaces. Now, if that 
is so, it is no new thing; and^ if it is no new thing for us 
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generally, it certainly should not be for Swansea smeltflra. 
Witli Mr. Collins, I regret deeply tliat we have not here 
someone representing the dear old Swansea method that he 
speaks so irreverently of. [Mr. Vantin : " Not at all/'J 
The Swansea process has existed from the time of 
the Chaldeans down to the present, and I think we Bhall 
hear of it even after this new process has told its story 
Nevertheless, this paper is one of the most wonderful 
announcements in the domain of metallurgy that has 
been made, perhaps almost at all — not even omitting 
the Kewbery-Vautin and the Mac Arthur- Forrest procesBtjs. 
In replying, I hope Mr. Vautin will favoar us with 
some idea as to how far it is applicable to lower grades 
of material. I am of the opinion other speakers have 
given expression to — that it is not applicable to any but 
very rich material ; and, then again, we do not know, we 
have not yet heard, what difference there is in point of loss. 
I should suppose the loss will not be larger ; but, at any 
rate, we want to know what difference there is. Then, I 
think the reference made to calcining in this papor is one 
of its remarkable features. I was delighted to listen to 
what Mr. Collins has said about the now calcinor contrived 
by Mr. Richard Pearce, of Denver. Bat even that is not 
a new thing. It is the old tin calciner which wo have 
known iu Cornwall. It is, in principle, the same thing; 
at least, so it seems to me. I hope, Mr, President, 
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through the super-heated atmosphere produced in the 
furnace. I have seen the working costs, and I know it 
works at a very low rate indeed. Whether it is cheaper to 
operate I cannot say, but I think all these round hearth 
furnaces are derived from the old English type alluded to, 
and are some of the best roasting furnaces, especially where 
you have to treat very fine ore liable to dust. Working as 
they do, at a slow speed, they are able to roast ore 
which could not be treated in a revolving cylinder. Do I 
understand that £1 8s. 2d. is the cost of refining the 
white metal ? 

Mr. Claude Vautin : If you divide the £400 by the 
54 tons of ingot copper produced, that will give you the 
cost; and if you divide the £400 by the 73*4 tons, on 
the other hand, you get the difEerence in the cost. 

Mr. Charleton : That is the refining cost ? 

Mr. Vautin : Not exactly that. It is the cost of pro- 
ducing the white metal as well. 

Mr. Charleton: It would be interesting to know if 
Mr. Vautin can give us some figures as to how this would 
compare with the Manh^s process. Producing copper pig 
at Butte, containing 99 per cent, of copper, the cost per 
ton of matte is £1 8s. 9^d., or £2 16s. SJd. per ton of 
copper — equal to two-thirds of a cent per lb. of copper 
produced. 

The President : With reference to Mr. Pearce, some of 
the gentlemen here present incline to the belief that a bit 
of the fui*nace rotates. I gather that is not so. 

Mr. Collins : It is not so. Nothing rotates, except the 
arms carrying the rabbles. I think those who are interested 
will find a series of sketches in the Engineering and Mining 
Journal some time in the middle of last year, and if they 
wait they will find a good description in the Transactions 
of the American Institution of Mining Engineers. 

Mr. Claude Vautin: I was quite conscious, Mr. President, 
that I should lay myself open to severe attack, but I hope 
to be able to repulse the attackers ; and I am very pleased 
to say that two of the gentlemen have given me the 
weapons whereby to do so. Referring to rolls, it has been 
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my ezperieoce that when yoa are desling with a materiftl 
of the consistency of white or bine metal, if yon only 
want it to pass through a three • eighths mesh, the 
higher the speed of the rolls the better. In a high speed 
belted roll — I won't use the word Krom — I find that thiB 
amount of slime or dust produced is fully 50 per cent, leas 
than the qnantity produced with the slow motion or Cornish 
rolls. When yon have got a nice material, such as copper 
sulphides, in the condition of white metal, then I would 
not hesitate to condemn the old Comieh rolls, and give 
preference to the belted rolls. Mr. Pearce's roaster has 
been refei-red to by Mr. Collins. Ton all know the O'Hara 
furnace. It is a very excellent furnace for what it has been 
designed, and Mr. Pearce, who undoubtedly holds one of 
the first metallurgical positions in the United States, Has 
simply bent the O'Hara round iuto the form of a horse-shoe. 
But while wo are speaking of calcination, it ia just as well 
to bear in mind the object of the special calcining fnmaces. 
For preparing ore as one of the intermediate processes for 
copper smelting, tho Pearce furnace would be a most 
excellent one, but I doubt if it is of any use for a dead 
sweet roast such as is required either for amalgamation or 
ohlorination. When you want to reduce the sulphur to 
only 5 or 6 per cent, the furnace would be a most excellent 
thing, and its use will undoubtedly become very general. 
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a yery excellent tlung for wliat it has been designed— 
nsmelj, the oxidation of iron pyrites in the presence of 
blende and galena^ so as to enable the subsequent separation 
by mechanical means. I think Mr. Collins said that for the 
pore ores of the Cape Copper Company this refining pro- 
cess may do^ but not for impure ores. I am delighted that 
that remark has fallen from that gentleman's lips. I have 
with me three small ingots of copper which were produced 
from some matte sent up to Mr. NichoUs of the Cape Copper 
Company. The owner of it stated^ ''If you can make copper 
from this matte that will stand the brass test I shall be 
surprised." Good copper was made much to the surprise of 
those interested. Why, I consider this process is as good 
for pure as impure ores is that you are able to control the 
amount of oxide of copper to be mixed with your sulphide ; 
and, should the matte have been produced from impure ores, 
by having a slight excess of oxide of copper over and above 
that necessary to reduce the sulphide, and then submitting 
the mixture of the oxide and sulphide to melting heat in the 
refinery, slag is produced all through the mass simul- 
taneously (in consequence of the excess of oxide of copper), 
and thus you are able to remove impurities which would 
remain in the copper by the ordinary process. Hence it has 
been possible to obtain much better copper in one operation 
from impure mattes by the '' Direct " method than by the 
ordinary roaster process. The impure metal referred to 
contained a considerable quantity of impurities. 

Mr. J. H. Collins : T^t sort of stufE was it f 

Mr. Yautik : It contained 2 or 3 per cent, of arsenic. 

Mr. J. H. Collins : Any antimony or bismuth f 

Mr. Vautin : None. 

Mr. KiCEABD : How much copper f 

Mr. Vautin: 70 per cent. Referring to bismuth, the 
chances are that if it is in a metallic condition and once 
alloyed with the copper it would be a most difficult thing to 
eliminate it. Beferring to Mr. Louis's remarks, as a rule 
there is very little iron in the white metal state. The 
reason iron and arsenic are removed I explained previously 
.—namely, in consequence of the heat being produced all 
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tbroagh the mass, and by the oxidising action of the excess 
of the oxide of copper, they have been able Baocessfully to 
deal with mattes containing imparities in the form of 
arsenic, &c. fioasting down in the way that Mr, Loais 
referred to in a rongh copper roaster, what do we get! 
We actually find yoa cannot turn out more than two tons of 
blistered copper in twenty-four hours in ordinary working, 
and that requires an enormous quantity of fuel — say five 
tons — and produces, on an average, about 34 to 35 per cent. 
of roaster slags. On the one hand, yon have got all the 
wear and tear of the furnaces, all the labour attached to the 
roasting ; whereas, on the other hand, yon have this result, 
which actually occurred. Twenty -two rough roaatem 
were flown out. These 22 roasters treated, say, about 
4 tons of white metal. Kow, to work that out, 88 tons of 
'white metal could be treated in these 22 furnaces in 24 
hours; but by the "Direct" process only two-thirds of 
that amount would bo calcined. Say 54 or 55 tons 
would have to be roasted in revolving mechanical roasters 
which, according to books kept in the most careful manner, 
only consumed 22 cwts. of coal in 24 hours, and put through 
9 to 10 tons of crushed matte. On the other hand, there is 
not a single one of the ordinary roaster furnaces 
that bums less than 5 tons per 24 hours. The saving 
in the consumption of coal is as owts. to tons, to 
nothing of the wear and tear. And, 
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reason is simply this — that knowing how highly prejudiced 
copper smelters are, as a rule, the gentlemen interested in 
this process have actually had it at work for three years, 
keeping the matter as close as possible before venturing to 
make it known. In three years they have actually turned 
out 20,000 tons of copper by this method, and I know of one 
institution which has saved over 60,000 sovereigns in costs, 
and taken £25,000 worth of copper from the bottoms of the 
old roasters which had been flown out. Bef erring to the dear 
old Swansea process, which is undoubtedly an excellent one, 
and to some of those who have the management thereof, I 
should like to inform you that a gentleman of my acquaint- 
ance, having some knowledge of the Siemens' regenerators, 
attached two to one of his metal furnaces, and he was 
torning out from the one furnace as much rough metal as 
from any other four ordinary fired furnace in the works, 
and had been doing so for many days. He then ventured 
to call the manager's attention to the fact. That gentleman, 
after having inspected the furnace with the regenerators 
attached, and being convinced of the extra output, stated to 
my friend, " No matter what the improvement is, or may 
be, it is an experiment, and therefore pull the whole thing 
down, or you leave these works.'' And he had to. On 
one occasion, my friend took two bricks out of the roof of a 
furnace to admit more air, when the men positively refused 
to work her till the bricks were replaced. The aperture 
was closed by a fire clay plug in such a manner that when 
looking at the roof from the door the plug could not be 
seen ; hence the workmen considered that the holes were 
still open, and positively swore that they could not make the 
furnace work, although the apertures had been actually 
closed for three days 1 It was not until they were closed in 
such a manner that they could actually see the brick end 
from the working door that they could get the furnace to 
work. Beferring to the sorrow expressed by Mr. Louis as 
to the doom awaiting the Swansea process, that gentleman 
has misunderstood the purport of some of my remarks in 
the paper. The "Direct" method of producing refined copper 
in no way marks the doom of the Swansea process as a whole, 
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bnt ia only an improTement of a portion of that process, 
whicbj as Mr. Louis well knows, consists of many parts. It ia 
simply an improvenient in the prodnction of refined copper 
after white metal has been prodnced. I am Rving to be 
bold enough to s&y that this improvement in the metol- 
Inrgy of copper will gradually find its way into every 
smelting works in the world. Referring to the cost of 
Bessemerising, I believe it will be much cheaper to calcine* 
in the way I have described, in revolring furnaces than 
Bessemerising. Metal blown np to 75 per cent, in con- 
verters, and then treated by the direct method, can be 
converted into ingot copper for less money than the 
Sessemerising costs to produce rough copper. Under any 
circumstances, in BessemerisiDg yon have two or three re- 
melts, and then the refining operation. I intend to go very 
thoroughly into the comparative efficiency of this direct 
refining method as compared with the Bessemerising of 
mattes, both as to cost and quality of copper produced, and 
hope to give the Institntion the information at a future 
date. I may say that I passed a considerable portion of my 
time in introducing the Bessemerising of copper prodncts 
into Australia, and therefore can speak with some confidence 
on the subject. 
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THIRD ORDINARY MEETINa. 



Thi Thibd Obdinabt Meitxng of the Tliird Session took 
place at the Museum of Practical Geology, Jermyn Street, 
London^ S.W., on the evening of Wednesday, January 17, 
1894, at 8 o'clock. 

Mr. GiOBGE SiTHOim (President) occupied the chair. 

The Secuetabt having read the minutes of the last 
ordinary meeting, which were duly confirmed, the Chair- 
man called upon Mr. H. L. Lawrence to read the following 
paper: — 



/ 

DEESSING OF ZINC-BLENDE ORES AND 

MAGNETITE AT THE NEW PIEERE- 
FITTE MINES, HAUTES PYRENEES, 
FRA.NCB. 

Bt n. L. Lawbbncx {Member). 



The Nevr Fierrefitte Mines contain, among other ores, 
sine - blende, intermixed with magnetite, 'which occurs 
minntely disseminated through the blende and accessory 
galenaj and gangue. The intermixture is Tery irregalar. 
Magnetite aggregates will Taiy from minnta quantities 
to Boch a proportion as to form a practically masBive 
mineral. The formation also contains small quantities of 
msgneto-pyrite. Very ferrnginous varieties of zinc-blende 
as christophite and marmatite are also present. 

On the average this ore may be taken to contain 20 per 
cent, of ziac-blende, 20 per cent. o£ m^netite, and 
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The chief product of these mines is argentiferous galena, 
which is contained in a granulite gangue, irregularly im- 
pregnated with magnetite. 

The blende is won from branches and spurs of the main 
bodies. When this mineral is massive, magnetite is rarely 
and but sparsely intermixed witb it, but is confined to the 
gangue, so that mining and dressing is of the most ordinary 
and easy description. Marketable blendo can be pro- 
cured by taking care to place the shots so as to break a 
minimum of the gangue ; then the roughs are handpicked, 
yielding pure blende and mixed blende; the latter is 
stacked, the former passes on to the market. 

The mine fines contain only small quantities of 
ferruginous gangue, as this substance is very hard, and 
shows no tendency to crumble; a marketable blende can 
therefore readily be won on jig and buddle, leaving but 
a small quantity of middlings which contain an excess of 
magnetite. Not that the marketable blende is quite free 
from magnetite, but the high metallic contents of the 
former, and the small quantity of the latter, render an 
average of over 45 per cent, of metallic zinc possible. When^ 
however, the blende is less massive, then there is invariably 
more magnetite present, both in gangue and ore. The 
blende itself is also more ferruginous in composition, and 
consequently contains less metallic ainc, and the above 
operations become no longer possible. It was to treat this 
latter class of ore, and also the middlings and bye-products 
from the fonner operations, that the works hereinafter 
described were erected. 

The magnetite can be eliminated before dressing or 
after. On first thoughts the former would seem the most 
natural — i.e., to crush down the ore to its required size, pass 
it over an approved magnetic separator — taking out all 
magnetic parts — and then proceed to dress in the ordinary 
way. Following this scheme three products would be made 
before dressing :— 

(1) Ore free from magnetite ; 

(2) Middlings consisting of grains composed of a mix- 
ture of galena^ blende and magnetite ; 
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(3) Fare magnetite. 

The second prodact would tbec be furtber disintegrated 
and passed over a second separator and dressed without 
farther difficulty. This method, however, has the following 
disadvantages : — 

The magnetic separator must be reliable, both 
magnetically and mechanically. It would have to work 
continnouely to keep pace with the output ; any slight 
defect in the electric current or leakage woald necessitate 
stoppage of the whole works. If any such defect were not 
immediately noticed (and such defect is not easily detected), 
the whole pnlp would be charged with magnetite, rendering 
it necessary to clean out every jig and buddle and con- 
trivance on the floors. It would have to stand proof against 
a varying quality of mineral fed to it — i.e., for some minutes 
it might have masses of magnetite to deal with ; at other 
times there might be little present in the ores. A precise 
adjustment to minimise middlings under such conditions 
would not be easy. It would have to be adapted to treat 
unsized material, which for precise work such as would be 
required here would be a severe test. 

Very perfect magnetical separation would be necessary — 
e.g. ; We are working ou an ore containing, say, ^0 per cent, 
magnetite, 20 per cent, blende, and 1 to 2 per cent, galena, 
the remainder being composed of gaugue. Supposing the 
separator to leave 3 per cent, of magnetite with the 




( 95 ) 

required size^ classify^ treat the coarser classes on jigs, and 
the slimes on buddies or tables. The jigs can be made to 
yield : — 

(1.) A product of galena and magnetite, which 
presents no difficulty in finally cleansing. 

(2.) A product of magnetite and blende, which can 
be magnetically separated, giving — 
(a.) Pure blende for market. 
(&.) Magnetite. 

(c.) Middlings consisting of particles of mixed blende 
and magnetite ; also all magneto-pyrite which is not 
magnetic enough to pass into the magnetite. The 
buddies would yield in the first washing : — 

(J.) Headings consisting of galena, blende, and 
magnetite. 

(e.) Tailings consisting of waste. 
The headings (d) can now be magnetically separated 
and the final freeing of galena from blende can be effected 
on Rittinger tables or other appliances. 

Comparing the two methods — i.e., dressing before 
magnetic treatment and magnetic treatment before dressing 
— ^I am of opinion the former has the advantage, as the 
valuable galena is freed from the blende at the outset, and 
no re-crushing of these two minerals together is necessary, 
thus avoiding the tedious and often wasteful operation of 
treating their slimes. Further, the middle product is 
minimised in quantity and confined to the very poor, and, I 
might say, almost unprofitable ore, consisting of highly 
ferruginous blende and magneto-pyrite. The magnetic 
separator having less bulk to treat can be regulated and 
adjusted to requirements of each class of ore, which can be 
passed in rotation as demanded. 

Acting on this principle the works hereunder described 
were erected. 

Beferring to the accompanying plan and section 
(Diagram I.), it will be seen that the ore is dumped on 
to platform (A), and fed to a pair of Cornish rolls (B), fitted 
with Raff wheel (C). The main sizing screen (D) is wire- 
wove, and has four holes to the inch. A bucket elevator 
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(E) carries tbe pulp to the three classifjing trommels (F). 
The first of these is of Cornish gauge, No. 17 j the second. 
No. 28 ; the third, No. 36. A Spitz-gerinne I. divides out 
a fourth class, Thefour four-hatched Green's jiggers {K, L, 
M, N) are arraoged to receive and treat the classified pulp. 
The overflowiog slimes pass on to two Spitzkasten (0 and 
V), and are separately treated on two Bittinger revolving 
continuous buddies (Q and K). The waste is here extracted, 
and the headings are magnetically treated on separator (S) ; 
the final separation uf galena and blende takes place on two 
Rittinger percussion tables {T and T7). The foregoing 
contrivances are too well known to need further comment. 
I will now pass on to the results. 

1. The Jiggem. — In tbe first hutches of all four jrga 
all pure galena, and all galena mixed with magnetite is 
caught. The second hutches deliver a mixed product of 
galena blende and magnetite. This is re-jIgged on tbe 
auxiliary machines (V and X), which are of exactly similar 
pattern to tbe others. Here the last remnants of galena 
are freed from the remaining pulp, which consiats of blende 
and magnetite. Nos. 3 and 4 hutches give blende and 
magnetite with most of the magneto -py rite. A certain 
proportion of this latter mineral can be made to pass over 
with tbe tails. 

The first or galena products, both from main and 
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addressed myself to tte Silber & Bleibergwerh Fried' 
richssegen bei Oherlahnstein, which company, I under- 
stand, have had a magnetic separator, designed and 
patented by themselves, in use for many years under 
somewhat similar circumstances. They referred me to 
Messrs. Sauter Harle & Co., of Paris, who, they informed 
me, were their agents in France, at the same time kindly 
sending me a diagram of their machine (Diagram II.). 
Addressing myself to Messrs. Sauter Harl6, I found 
that they did not make an exactly similar machine to 
that of Friedrichssegen (see Diagram III.). By com- 
parison of the two, it will be at once observed that 
while both have stationary magnets, the encasing and 
revolving drum of the former carries the magnetite 
over it, while in the latter it is thrown underneath; the 
magnets in the first case being placed in a higher 
segment of the drum than in that of the second machine. 

I thought the Sauter Harle modification an improve- 
ment as it allowed of making a middle product, so necessary 
to the success of our operations, by partitioning oflF at point 
(A). It was decided to order one as an experiment, the 
price being but 1,500 francs. Electric power needed for the 
magnets Avas gauged at 910 watts, which we could supply 
with the dynamo used for electric lighting. 

Experiments showed that the electro-magnetic force 
was hardly sufficient to quickly and firmly catch up the 
larger grains, and throw them into the magnetite compart- 
ment. Otherwise, by adding a catch-board (B) and the 
compartment (A) for middlings, the machine was satis- 
factory . It was therefore decided to arrange for a machine 
with magnets sufficiently strong to develope a magnetic 
force corresponding to 1,680 watts, and also to build the 
framework and bearings somewhat more substantially. 
Diagram V. represents the same. 

The catch-board (A) and division (B) marked in red 
were added at the mines, after careful experiment as to their 
position and size. This machine has a capacity of passing 
from 20 to 30 tons of mineral in 12 hours. The feed has to be 
regulated according to size of the ore, nicety of work 

7 



( 



) 



reqnired and proportion of magnetite to other ingredients. 
It bu been nt work here for over a year and has given 
erery satisfaction. The price of same is 4,200 francs f.o.o. 
Paris. This separator works on dry ores only. The wet 
products from the jigs are taken on to sloping platforms 
outside the building to allow the excess of moisture to drain 
off. From there they pass on to drying floors. (See Diagram 
rV.) These consist of a double series of brick flues ; eacTi 
series has on ordinary brick furnace. The flues are covered 
by cast-iron plates 15 millimetres thick, resting on the 
brickwork. At each cross joint of the plates a rail is thrown 
across in oi-der to prevent leakage between two plates. 
The chimneys are 8 metres high. The draft has been found 
to be all that is required. 

The ore once dry is passed on to the separators (S) and 
(T), the former being the one first experimentally ordered 
(Diagram III.), and is sufficiently powerful for treating the 
fines. The number of revolutions of the drum best adapted 
for good work have been found to be 66 per minute. The 
feed can be regulated by opening or shutting the hopper door 
at (C). The coarser stuff requires slower feed. It is the rule to 
pass the slimes on machine (S) ; the product of the coarsest 
jig is passed separately on machine (Y), while the products 
of the three finer jigs can be passed jointly on the same. 
The dry ore is allowed to accumulate until there are 20 to 30 
tons before it is treated. One or two days' work with the 
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E[ilos. 
(6) Quantity of middlings obtained 

(Sample No. 5) 18,100 

(c) Quantity of magnetite obtained 

(Sample No. 6) 43,500 

The middlings have been found to be of such little value, 
that they have been left on one side pending improvement 
of the metal market. 

In drying the fines the room on the drying floors 
is found to be somewhat cramped; the dust resulting 
from this operation also is injurious to the jigged 
products. To properly handle this material, a separate 
floor should be erected to dry it; or, better still, a 
wet magnetic separator adopted. I should fancy the one 
designed and described by Mr. Walter Basset before this 
Institution on June 15, 1892, would be a very suitable 
apparatus. 

The cost of dressing as just described, including coal and 
repairs, is 6 francs per crude ton of ore. 

An analysis, made by Dr. Morgan, of Swansea, in 
August 1892, of the magnetite product is as under : — 

Insoluble matter ... ... ... 9'90 per cent. 

Oxide of Iron 76*51 

Alumina 1*29 

Sulphur ... 0*40 

Carbonate of Lime 1 '85 

Carbonate of Magnesia ... ... 7' 20 

This ore has not yet found a market on account of its 
excess of sulphur ; an inexpensive roasting would render it 
an excellent iron ore, for which a ready sale can be had. 

There is no doubt that this iron ore will be found to be 
a great resource to these and neighbouring mines, when it 
is utilised as a bye product, and no longer regarded as 
merely an encumbrance to the winning of the more precious 
argentiferous galena and zinc-blende. 
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Mr. A. Q. CBABLffTOH, who wa3 unable to be preseat. 
Bent the following remarks, which were read hj the 
Chairman :- 

Ur. Lawrence ftUudes to the diFliculty oF obtain in g iafoTiQ&Uon 
aboat American machines. One of the beat of these iB, I beliere, 
the Cliase magnetic Bepanitor. The ttro chief fisaturea ot this 
mocbine are, first, the amallneaa of the magnetic ivlieeb, and the 
pecniiar structure of the magnets ; and, second, the fact that it can 
be worked wet. This latter adTantage is very great, for not onl; 
doea the water lay the duat and wash tlie mineral, hnt it also 
decreases the weight to be borne ou the lower side of the belt. 
The machine separates the material into beads, middlings, and 
tails. Tlie ore is fed from a hopper on to a horizontal belt, whioh 
moves to the left round the first magnetic dntm. As the material 
passes downwards, the tailings &11 into a tank, and when the 
material comes opposite a row of fixed magnets above the belt, the 
middlings fall into the next division. The pure magnetite is 
carried round a second magnetic wheel, and, as it ascends, it leaves 
this belt, and ia attracted by a third magnetic wheel to a belt 
passing round it. The ore is carried up tills belt, and is delivered 
over a pulley into a receptacle outside tlie tanks. As the material 
passes round the second magnetic wheel, and is attracted to the 
third wheel, any cUngiog dust and non-magnetic particles are 
separated from the magnetite. There is a driving pulley and 
tightener to give motion to the first belt, and to keep it in plac 
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is made of cotton dack« and it stands the blows of the particles of 
ore by yielding under it The chief wearing parts are the bearings 
of the shaft and belt The cost of dressing at Pierrefitte on an 
output of 21,449 tons of crnde ore in 1891 was 4*71 frs. = 3s. lOd. 
per ton. I take it, therefore, that the difference between this sum 
and Mr. Lawrence's figure represents the cost of magnetic separa- 
tion, chargeable in addition in 1H92. 

Mr. Joseph Garland : This paper has a special interest 
for me^ because it is jast ten years ago that I examined the 
mines for the old Pierrefitte Company. At that time I 
find from my note-book, that the lodes were very hard, 
yielding a rather inferior quality of lead ore, not often 
occurring in pure lumps, but mostly disseminated through 
the veinstone, and much mixed with blende and 
magnetic iron ore. The lodes were very expensive to work, 
and the ores dilficalt to separate and dress up to the 
ordinary standard. To quote another passage from my 
notes of ten years ago, the water-dressed blende, when 
free from lead ore and gangue, was so mixed with magnetic 
iron ore as to contain scarcely 40 per cent, of zinc. At 
that period magnetic separation was not so much before 
the mining public as it now is, and no trials had then been 
made with this process at these mines. I have listened, 
therefore, with great interest to the author's description 
of the method which he, it seems, successfully adopted to 
separate the deleterious magnetite from the blende and 
galena. No mention is made in the paper, I believe, of 
the quantity of silver contained in the galena, although the 
author does mention argentiferous galena once or twice. 

The Phesidbnt : The proportion of galena is only 1 to 
2 per cent., is it not 7 

Mr. Lawrence : Yes. 

Mr. Garland : I should be glad to know this, as I read 
in my old notes that the loss of silver in dressing by water 
was found to be very considerabla I should like to hear 
what the author's experience has been in this respect at 
Pierrefitte. It is not the first time I have come across 
mines where there has been a loss of silver in dressing by 
water. My friend, Mr. Bickard, can back me up when I 
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B&j that that was our expenence at a contineDtal mine. The 
aathor, ia the course of his paper, says, " The chief product 
of these mines is argentiferoas galena, which is contained 
in a granolite gangiie, irregalarly impregnated with 
magnetite." He says this after stating that the 
galena and gangae are accessory to the blende, 
signifying thereby, I take it, that they are of 
less importance. I wish to ask in what sense the galena 
is the chief product. I presame because of its silver 
contents. It cannot be because of the lead, for the author 
points out that whereas there is 20 percent, of blende, there 
is only 1 or a per cent, of galena. Then I do not quite 
follow the author'a meaning when he says, " Following this 
scheme three products would be made before dressing — (1) 
Ore free from mi^netite." What ore ? Galena or blende ? 
I presume galena. I would like also to ask the nature 
of the gangue. 

Mr. BiCKABD said he would have to plead guilty to 
being one of thoae who were responsible for having 
allowed silver to escape in the treatment of galena He, 
how ever, did not think it by any means a uniform 
experience, as he could cite opposite examples which 
had come under his pereooal observation. The Poutgi- 
baud mine was an example of the ordinary cases where 
silver escapes, and becomes greater in proportion as the 
ore becomes more and more finely pulveriaed. that is. the 
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operations did not seem excessive, though with the more 
automatic machinery which is used now he thought the price 
might be reduced perhaps 20 or 30 per cent. The success 
at Pierrefitto added another to perhaps some seven or eight 
cases of success with that particular apparatus. A remark- 
able one was that of separating the spathic iron and blende 
in the Isle of Man. Then there were numerous cases in 
America where they crushed down their ore and separated 
the gangue by the same process. He would like to ask the 
author whether he had ever found this kind of operation 
adaptable to any other ores than those of magnetite and 
spathic iron ore, and whether, in undertaking this matter, 
he did not revert possibly to another means of dealing with 
the stuff — viz., that of calcining to get rid of the zinc, and 
reducing the residuum by means of fire. He would not say 
that it was a preferable process, because the quantity of the 
blende got out and the price of getting it was so unsatis- 
factory. He thought, however, it had been used, and that 
Mr. A. L. Collins, in a paper read before the Society of 
Engineers, had referred to the treatment of very difficult 
and complex ores, containing blende, by means of a pre- 
liminary calcining, by which they got rid of the zinc. In 
conclusion, he would ask the author to what extent the 
tenor of his product was raised by the modification in the 
machine shown on Diagram V. Mr. Lawrence had given 
the quantity of marketable blende as 58,400 kilos, obtained 
out of 120,000 kilos — rather more than 50 per cent, of 
blende. This ore, he had stated, after concentration was 
taken to the magnetic separator, and only yielded about 20 
per cent. He hoped Mr. Lawrence would explain these points. 
Mr. A. L. Collins was afraid he could not add much 
to the information of the members of the Institution, as 
he had had no direct experience of magnetic separation on 
any working scale. He had once made a few experiments 
on the separation of low grade blende and magnetic pyrites, 
both by roasting, so as to obtain a soluble sulphate of zinc, 
and by direct magnetic separation ; but they did not come 
to any conclusion which he could regard as satisfactory. 
As to one remark made by Mr. Bickard^ he might perhaps 
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be able to give an answer. He asked vKetlier any other 
ore — that is, other than magnetite or chalybite — had been 
treated by this m^^netic process. Some fonr years ago, a 
case ia point came under hia (the speaker's) notice at 
Reocin, in the pr07ince of Santander, Spain ; they had 
large amoants of ore which consisted mainly of ferraginoos 
calamine, and earthy or calcareous brown hematite, which it 
was impossible to separate by hand picking or dressing. 
This ore was crashed and roasted in reverberatory furnaces 
with an admixture of coal, by which means the hematite 
was reduced to magnetic oxide of iron. On subsequent 
treatment by m^netic separators, not unlike those 
described in the paper, it was found that this artificial 
magnetite was easily separated, and saleable zinc ore left 
behind. The expense of roosting must have been consider- 
able, bnt as the calamine ore was always roasted in any 
case before export, to lower the. freight charges, it was not 
so great as it seemed. 

Mr. Claude Vadtin : The separation of iron from blende 
is a subject of very great interest, and I think the work 
lately done by Mr. Blake iu the United States throws a 
great deal of light on it. Althongh the subject of 
magnetic separation is remarkably fascinating, I scarcely 
think the results obtained by Mr. Lawrence justify 
anyone saying that it is a complete success. I 
lately disagree with Mr. Eickard as to the quality of 
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centration^ whereby most of the galena is separated. Then 
a mixed concentrate of blende^ galena^ and iron pyrites is 
calcined (not with the same object as Mr. Collins referred 
to, bnt with the object of converting the iron into ferric 
oxide). The product from the furnace is then re-jigged, 
and the result is that they get a perfectly clean blende, 
the oxide of iron being so easily removed. Should any 
blende and galena be attached to each other, they become 
separated in consequence of the calcination, but without in 
any way altering their individual character. Tho result of 
this process is that in the States they have been able to turn 
into cash large dumps containing blende, and there are now 
a number of mines working which, probably, a few years 
ago would not pay at all. I received about two months ago 
a copy of the Transactions of the American Institution of 
Mining Engineers, entitled " The Separation of Blende 
from Pyrites — a New Metallurgical Industry," and I advise 
the members here to get a copy. It will be seen they are 
actually able by this means to dress poor stuflF containing 
only 20 per cent, blende up to 60 per cent. They convert 
the oxide of iron, which is produced in the tailings into 
paint. Mr. Blake also refers to magnetic separation, and 
the paper he has written is a most suitable reply to the 
paper which has been read by Mr. Lawrence. I think 
before any work is done on the magnetic separation of iron 
from blende, Blake's process ought to be tried. The whole 
secret of the success of his system is the perfect oxidation 
of the pyrites without altering the character of the blende 
or galena by not depending so much on heat, but by simply 
making use of the large amount of unburnt hot air by the 
use of Siemens regenerators. The result is that in the 
furnace he has used for the last three years they are 
treating 20 to 25 tons a day, and getting a product which 
is exceedingly valuable. I sincerely hope that all interested 
in the dressing of blende ores will try the Blake system 
before adopting any other method. 

Mr. J. H. Collins said that one of the earliest and most 
successful workers in the magnetic field was Mr. King, 
whose machines had been in operation for a good number 
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of years, and who aaed permanent magnets instead of 
electro-magnets, which he thoaght were comiderably 
cheaper in working. He did not think Mr, Vantin's re- 
marks bore out the conclusion he announced. The fact of 
the zinc cmly being raised to 48 per cent, was no evidence 
that the separation was not a very good one. There was 
zinc blende which would assay about 64 per cent. 
of zino, and an equally pure crystallised blende withont 
one atom of gangue about it which would not assay 
more than 38 or 40 per cent. This latter was a ferriferous 
blende, which was known by the name of Ghriatophite, aud 
however perfectly ib was purified from foreign matter a 
high percentage could not be obtained. If Mr. Lawrence 
would allow him, he would take exception with regard to 
one or two of his verbal expressions. He had spoken of 
" magneto pyrites." Why should he not say magnetio 
pyrites? There were magneto-machines, but magneto- 
pyrites was a new word, and would it not be aa well not to 
make any fnrther use of it? Then he applied the word 
" pulp " to stufE which had been crushed between roll 
crushers, and which had not passed through the stamps. 
He would suggesb that it would be better to reserve the 
word " pulp " for stuff which hud been treated by stamping, 
a&d not apply it to stufE where the grains were of a con- 
siderable size, such as were obtained from the jigger. Mr. 
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Mr. Vautin asked if Mr. Lawrence coald give him a 
rough assaj of the material marked '' A/' 

Mr. RiCKABD said he would farther like to ask Mr. 
Lawrence whether the concentrated material contained any 
phosphorus. If not, it would be a curious coincidence, 
and one which would be very much in favour of the 
machine — namely, that all the iron ores which have been 
dealt with by the machine seem to have been entirely clear 
of phosphorus. 

Mr. Lawrence then replied as follows : In answer to 
Mr. Garland^s remarks, I may say that the galena associated 
with these poor ferruginous blonde ores contains only some 
27 ounces of silver to the ton. As stated in the paper, the 
principal products of these mines were galena ores, carrying 
in the rich payshoots, 40 ounces of silver to the ton. The 
galena from the poorer shoots of lead ores contains about 
30 ounces to the ton. The ores at Pierrefitte were 
separated into three main classes — viz. (1), Lead ores, con- 
taining 6 to 12 per cent, of galena, and no, or very little, 
blende ; (2), rich blende ores, containing 1 to 2 per cent, of 
galena, free from magnetite ; and (3), poorer blende ores, 
intermixed with magnetite. I have nob found any loss of 
silver resulting from water-dressing these ores. I take it 
that the silver in the galena is in alloy with the sulphuret 
of lead, and it is difficult for me to understand how silver 
can be lost without losing the lead also, unless there are 
free sulphurets of silver intermixed with the galena. 
Sulphuret of silver, or argentite, although of high specific 
gravity, has, so far as I am aware, not yet been successfully 
concentrated by wator-dressing, on account of the very 
minute grains this ore is generally found in. In answer to 
Mr. Bickard's query, whether by more continuous and 
modern machinery the price of dressing might still be 
farther rednced, I may say that an improvement in this direc- 
tion could no doubt be made by working on a large scale. 
On account of the transmission of power, and the general 
arrangement of existing buildings and machinery, we were 
not able to give these works as much fall as I should have 
liked to have had for the most economical handling of the 
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varions prodncts, and Bome extra handling might possibly 
have been avoided nnder more favourable circamBtancea. 
The capacity of these works is 20 tons in 12 hours. We 
could nob make them of larger capacity on account of 
having no more water to spare, nor could we transmit more 
than this quantity of ore daily from the mines withoat 
curtailing the output of otber ores. The volatilisation of 
zinc process I am afraid would not be advantageous here, 
as the cost of fuel and traneport is high. There would 
also he great difficulty on account of the fames, necessitating 
the purchase of lai^ tracts of cultivated land. I have not 
heard of any mineral other than m^^etite and siderite 
being treated magnetically, and have listened to Mr. A. L. 
Collins' remarks with great interest. When no middlings 
were made in the separator, we found it impossible to make 
oar blende higher than 40 per cent, of metallic zinc withoat 
excessive loss of blende. Our smelter did not care to buy 
under 45 per cent. These middlings consist of particles 
containing mixed blende and magnetite, and require further 
disintegration to utilise them. They absay from 26 per 
cent, to 27 per cent, of zinc. There is no phosphorus in 
this ore. la answer to Mr. Yantin's remarks on Mr. 
Blake's achievements in Wisconsin, U.S.A., it mast be 
remembered that Mr. Blake is dealing with blende and iron 
pyrites, and not with magnetite, as we are. To turn the 
gnetite into another oxide of iron, wbich would b 
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metaUic zinc. Zdj Pe S3, or Zdj Fe S^ is most likely the 
nearest formala for this mineral. In answer to Mr. 
Yautin's remarks, I may say that although the removal of 
the *40 per cent, of salphur in the magnetite might be more 
difficult than I am at present prepared to admit, the 
difficulty ought not to be insurmountable. By making 
more middlings the contents of sulphur in the magnetite 
can be all but eliminated. 

Mr. Abthuk Dickinson then read the following paper :— 
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ON THE ASSAYING OF ARSENIC 
ORES. 



Bt Aethtje Dickinson (Student). 



This form in whicli arsenic is most widely used as a 
cooiinercial article is that of Wliita arsenic — AsjOj. It 
18 prepared by calciniDg the arsenical ore in a reverberatory 
furnace or in an Ozland or Brackner Calciner, by which 
operation the arsenic is volatilised and cangbt as white 
arsenic in long condensing chambers. Arsenic ores are 
found in greatest abundance in the district lying between 
Tavistock in Devon and Callington in Cornwall, and the 
mines which have been most celebrated for its prodnction 
are the Devon Great Consols and the Holmbnsh Mine. 
The principal mineral from which arsenic is obtained is 
Mispickel FeS^ + FeAs^ with 46'G% of arsenic, usually 
called Arsenical Pyrites, and known locally as Mundic. 
Copper Pyrites is often associated with it. The author 
was recently called upon to study the varions methods 
of assnyiog the ores, and to find out a method for every 
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scientific. The difference in weight does not actually 
represent the amount of volatile matter (arsenic and 
sulphur) present in the ore, seeing that the substance 
after calcination consists of oxide of iron and gangue, 
the iron having been oxidised during the process. Then 
again, the sulphur present is very variable in amount, and 
it is impossible for the operator to be always correct in 
his deduction. The following examples will show how 
great a difference there may be between the results 
obtained by dry and wet methods: — A rich sample con- 
taining but a very small percentage of sulphur, was found 
by the dry method to contain 32*2 % of white arsenic ; 
when assayed in the wet way it gave 30% of arsenic or 
40 % white arsenic, the difference in this case amounting 
to 7*8%. In some cases, however, where much sulphur 
is present, the dry method will give too high a result. 
In the following instance of a pyritic o:?e, the results by 
the wet and dry methods respectively were 9*1% and 
14% of white arsenic. There is, in fact, no fixed ratio 
between results obtained by the two methods. To 
determine the absolute amount of arsenic, there is no 
doubt that a wet method of assay is preferable. There 
are three principal methods for the assay of arsenical 

ores : — 

1. The Gravimetric Method. 

2. The Iodine Method. 

3. The Uranium Acetate Method. 

In the Gravimetric method the arsenic, which is in 
solution as arsenic acid, is precipitated by magnesia 
mixture, and the precipitate weighed after ignition as 
Pyrarsenate of Magnesia. Uufortunately, it is necessary 
after the addition of the magnesia for the mixture to 
stand at least 12 hours before filtering, and therefore this 
method cannot be employed where rapidity is required. 

In the Iodine method the arsenic is determined in the 
lower state of oxidation, the chemical reaction that takes 
place on addition of the standard solution being repre- 
sented by the equation NsgAsOj + 21 + H^O = 
NdjAsO^ -r 2HI. For arsenites and arsenides the method 
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is admirable. It has, bowever, proved to be of no prac- 
tical value in the case of arsenical pyrites. Tbe ore 
is soluble only in nitric acid, and there is great difficulty 
in obtaining the arsenic in a right state for titration — 
that is in the lower state of oxidation. Many experi- 
ments were made with a view to working by this method. 
It was found that even after digesting for many hours in 
the Ferric Chloride Mixture solution was only partially 
effected. Aga<u, an attempt was made by boiling with 
the FejClj mixture, after lowering the boiling point by 
dilution with water to prevent escape of AsClj, but 
without success. The ore was then digested for some 
time with FegClg dissolved in dilute HCl, the CaCls dissolved 
in HCl being added ; but again the results were unsatis- 
factory. Many attempts have been made to fuse the 
ore with fusion mixture, and it was found that however 
slowly and carefully the operation was conducted, the 
arsenic always cnme off before fusion was effected. 

It has been found that the third method — that in which 
the Uranium Acetate is employed for titration — is the only 
satisfactory one in the case of Arsenical Pyrites. In this 
method the arsenic is determined in the higher state of 
oxidation. The following method of assay was adopted : 
Solution was effected according to the method given by 
Beringor. The ore was first treated with nitric acid, and 
then evaporated to a pasty condition ; the residue mixed 
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perfect separation of the iron present is effected — and, of 
course^ Ferric salts, which would require their equivalent 
of arsenic, must be completely removed. The method of 
taking to pastiness with HNO3, making up with water and 
dilute ammonia, and passing sulphuretted hydrogen through 
for some minutes, is not satisfactory. The results were 
in all cases low. Using, however, the fusion mixture rapid 
and accurate results can be obtained. Though the balance 
used was of a simple description, and conditions not favour- 
able to very accurate working, results on the same sample 
rarely differed by more than '5 %. The whole operation can 
be completed in half an hour, and with a muffle for the 
fusions any number of assays can be conducted at the same 
time. The Uranium Acetate is certainly an expensive salt 
— at the present time it can be obtained for 2s. 6d. the oz. 
The strength of the solution requires 34*1 grammes of the 
salt to 1 litre, in which case 100 c.c. would be equivalent to 
•50 grammes of arsenic. Working with '5 grammes of the 
ore, 30 c.c. of the solution will be the maximum required, and 
the maximum amount of the salt required for an assay will 
be 15 grains, which is equivalent to rather less than Id. 
The method is, in fact, very little, if at all, more expensive 
than the Iodine method. 



DISCUSSION. 



Mr. Benedict Kitto said the assays by the Uranium 
method were applicable for ores such as the author of tho 
paper had been working upon, and for arsenic in other ores 
and metallurgical products. He had used it in his 
laboratory for years, where hundreds of arsenic assays had 
been made by the Ui'anium method. He thought it a very 
great pity that assays should ever be attempted where the 
assayer had only a rough balance for use ; and he did not 
think duplicate arsenic assays coming to within *5 of each 
other should be considered too accurate. Begarding the 

8 
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cost of the Ursniam acetate, yean ago he had paid 2a. 6d. 
and Sa. per oz. for that salt, bat would not like to pay that 
amoDot now. At the present time he made his own 
araniam acetate and at a very cheap rate. 

Mr. D. A. SDraKRLiND : I BhooH like to endorse what 
Mr. Kitto has said with reference to the use of the rongh 
balance, Sco. If I may aeem to speak in any hostile spint, 
it is only becanse I object to processes being given which 
are not accurate within '5 per cent. Of coarse, for rapid 
work done at mines I admit that there is valae in sooh 
processes. There is no doabt that many a time in dressing 
ores it is of very great advantage to be able to determine 
vety rapidly the percentages obtained in the varioas 
prodacts. At the same time, I think the anthor of the 
paper might have given as some more details in order 
to enable ns to form a more definite idea as to the 
experiments carried ont. For example, he dismisses the 
gravimetric method very summarily, and I might even 
remark that by the nse of molybdate of ammonia and an 
intermediate precipitation, the twelve hoars settling may be 
diminished to half an hour. Some two or three years ago 
I had occasion to examine, in as short a space of time aa 
possible, a very large namber of samples for arsenic, and I 
found that the gravimetric method was extremely satis' 
factory and fairly rapid. Farther than this, it does not 
reqnire the same delicacy as that involved in the volnmetric 
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results withoat great care in the manipulation and following 
closely several precautions^ not tlie least important of which 
is that the solution must be invariably titrated when 
boiling. I can only express my regret that the author has 
not given us a series of results ; and I do not think I can 
add further than to say that I should like to see in all 
papers of this class a careful note of the more important 
points to be attended to with the effect on the results^ if 
such precautions are not accurately carried out. I do 
not know a better book for practical mea engaged in 
mining than the one quoted by the author — namely, 
Beringer's ''Assaying.^' 

Mr. W. P. Wilkinson : As I have been associated with 
Mr. Dickinson in the experiments which he has described 
in his paper, I should like to make a few remarks. I may 
remind the members that although arsenic ores belong to 
the less common or useful minerals, they are of considerable 
importance in the mineral production of Cornwall ; in fact, 
I believe that the greatest part of the arsenic of commerce 
comes from the mines in Cornwall, and it is therefore sur- 
prising that so absolutely unscientific and inaccurate a 
method of assaying as the dry assay should still be the 
ordinary method used in the distnct. Mr. Dickinson made 
experiments with the wet methods, and found that the 
uranium acetate process gave rapid and accurate results. 
Considerable difficulty was met with at first in the prepara- 
tion of the solution. In fusing the powdered ore, when 
rich in arsenic, with fusion mixture, a loss by volatilisation 
nearly always took place. This difficulty was overcome by 
treating the ore with fuming nitric acid and evaporating to 
dryness before fusion. I have not seen any text-book in 
which this method of preparing the solution expressly for 
the uranium acetate process is described, though it is fair to 
say that Beringer's well-known book gives the method 
under general instructions for preparation of solutions for 
wet methods* With regard to the balance used in these 
experiments, it is, of course, to be regretted, for scientific 
reasons, that results could not be obtained nearer than a- 
half per cent. For practical purposes, however, the results 
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obtained were sufficiently accurate. If closer resalta are re- 
quired, I bare no doubt that, with a good balance, thej 
could be obtained. It may be of interest to tbo members 
to know that similar experiments in assaying arsenic ores 
were made many years a^o at the Devon Consols mine by 
Mr. Richard Pearce, an old School of Mines man, and now 
the distinguished metallnrgist and manager of the Argo 
flinelting works, Colorado. I am indebted to a gentlematt 
who worked with him for valuable information on the 
subject, especifilly in connexion with the preparation of the 
solution. Mr. Pearce read a paper on the eatimation of 
arsenic in ores before the Colorado Scientific Society in 
1883, in which he advocated the nitrate of silver method. 
Particular attention is drawn in this paper to the losses that 
may occur by deflagration in fusion, unless the precaution 
is taken of first oxidising the arsenic and sulphur with 
nitric acid. As the Proceedings of the Colorado Scientific 
Society are somewhat difficult to procure, I think Mr. 
Dickinson has done great service to this branch of mlniog 
by bringing this paper before oar Institution. 

Mr. Hbnbt G. Graves : Mr. Kitto has told yon that he 
h^s made hundreds of analyses of arsenic in ores and 
metallargical products, and I had the pleasure of being in 
his laboratory and assisting in doing many of those some 
years ago. We used the Magnesia Mixture Method, and 
the Uranium Acetate Method, as used by Mr. Dickinson^ 
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l^t a mine. We cannot expect to carry oat suoli processes 
as they coxl be carried oat in the laboratory, and if this 
process is a simplification^ then we oaght to thank the 
anthor for the work he has done. I think myself that he 
will probably be able to simplify his process still farther so 
as to make it valaable for the class of men who have to 
work it oat. There is no donbt whatever that we want 
better methods of estimating rapidly and simply the 
sabstances with which these men have to deal. It can be 
very easily dealt with later on when sabmitbed to a proper 
analyst who has the proper appliances; bat at the mine or 
in a metallurgical work we want to get some means of 
telling rapidly and reasonably closely what we have to deal 
with. I think, therefore, we oaght to look apoa this paper 
as a paper of that class, and not as a paper which professes 
to be one dealing with minnte chemical accuracy. 

The President : I quite agree with Mr. Mactear in the 
remarks he has just made. It is, of course, most necessary 
that there should be a roagh and ready method of 
finding out the average value of the ore, which can be 
used at short notice ; and for that reason I think there 
should be, as a rule, a distinction between the miner 
and the metallurgist. The miner should be able to know 
what he has in his ore, and return approximately what 
the contents of it are, and, if necessary, to go further 
than that; but it is impossible for a man who is a miner, 
and who is engaged for the major portion of his days 
in attending to mining operations, to be as good an 
assayer as a man who devotes the whole of his time to 
it. Therefore I think our thanks are due to Mr. Dickinson 
for the trouble he has taken in pointing out the difierent 
processes for the assaying of these arsenic ores, which 
after all are limited to a comparatively small area. I 
will now ask him to reply to the remarks which have 
been made upon his paper. 

Mr. Arthur Dickinson : First of all, in reply to Mr* 
Kitto's remark about the balance not being of a very 
accurate description, I ought perhaps to have stated before 
that the experiments made by thei iodine method were 
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carried oat at the Soatlt Kensington MetaUorgicftl 
Laboratory, where, of course, one has very good balances, 
and it was only after I got down to Cornwall that X was 
handicapped by having a rongh-and-ready concern. I am 
▼ery glad to hear from Mr. Kitto that I hare been paying 
too mnch for the Bslt I hope I shall be able to get it 
cheaper in the fatore. Mr, Satherland aeked about the 
details of the process. A great many of the details are 
given in Mr. Beringer's excellent book on " Assaying," and 
I thought I had given as many as were nBcessaiy in my 
paper. As I have shown in the paper, the Cornish method 
was foand to be most nnreliable and nnsatiBfactory, and I 
therefore made experiments with a view to determine a 
method of assay for the class of ore in qoestion, which ahoald 
be rapid, easy, and fairly accuratn. I say " fairly aconrato *' 
advisedly for a remark has been made to the effect that it is 
not nearly sufficient that results on the eame sample shoald 
differ in some cases by ^ per cent. Snch a difference is quite 
permissible for the assay of arsenic ores in the mine 
laboratory, and a greater degree of accuracy is not requisite. 
The imporiiance of obtaining a suitable method of assay waa 
made very evident to me by an instance that came under 
my notice when in Cornwall, I was told that during the 
last working of the mine a lode was discovered that to all 
outward appearances was rich in arsenic. An assay made 
' the old method showed that it should contain 20 i 
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C6nt.j or eyen to 1 per cent. I liave found the nraninm 
acetate method to satisfy all the requirements, for it is easy 
to workj is rapid, and very fairly accurate. 
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FOURTH ORDINARY MEETING. 



The Foitbtr Obdikabt Msbting of the Third Session was 
held at the Moseum of Practical Geology, Jermyn Street, 
Ijondon, S.W., on the evening of Wednesday, Febmary 
2lBt 1894, at 8 o'clock. 

Prof. A. K. HuNTDiaTOK (Yice-Preaident) occnpied the 
chair. 

The minntes of the preceding meeting having been read 
and confirmed, and the Secretary having annoonced tho 
names of gentlemen recently admitted to the Institntion, 
the Chairman called upon Mr. Joseph Garland to read the 
following paper ; — 
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ON NICKEL MINING IN NEW 

CALEDONIA. 



By Joseph Gablano {Member). 



The discovery of nickel ore in New Caledonia is by common 
consent due to M. Jules Gamier^ who, when engaged in a 
geological survey of the island in 1864^ met with the 
strange green mineral which was destined some years later 
to become one of the most important sources of nickel in 
the world. M* Gamier made known his discovery three 
years later in a memoir'!^ published in the Annalea des Mines 
for 1867. It was not, however, till 1874 that the discovery 
became the object of serious attention. In that year the 
first attempt at mining the nickel ore was made at Mont 
d'Or, a conical and conspicuous peak a little to the south of 
Noumea, the capital. 

At first there was a good deal of misconception as to the 
true nature of the mineral, and for a time its green colour 
gave rise to the belief that it was an ore of copper ; and, 
indeed, a shipment was, it is said, made to a smelting 
works in Sydney to defcermine its value for that metal. It is 
needless to add that the attempt to extract copper from the 
ore proved futile. It is not, however, the first time that an 
ore of nickel has been mistaken for copper ore, for it is 
well known that Kupfemickel was so called by the German 
miners because they frequently mistook it for an ore of 
copper. 

It is recorded that when the French colonists realised 
the importance of the discovery, the government offices 
were daily besieged by applicants for concessions, and that 
the excitement became intense. 

* "Essai sar La G^ologie et les ressources Mia^rales de la 
Nouvelle-Cal^donie."' 
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The deposits at Hoot d'Orwere found to be n 
tire, bat it was nob lon^ before fresli disooTeries were 
made in otber puis of tbe sontliern half of the coaatry 
along the east coast, and mining for nickel soon became an 
established industry. 

For the first few years the mines were worked solely by 
private enterprise, bat in 1881 fresh impetas was giren to 
the new indnstry by the starting of a big French company, 
"La Soci4t6 le Nickel," locally known as the "Niofcel 
Company," which, though not the only nickel mining 
company in the island, is by &r the most inqtortant. 
It has acqnired mining rights over an immense area; it 
works a Isjge number of mines under the direction of its 
own officers, and leases a lai^ number of others ; it is ihe 
pnrchaser of all the nickel ore raised in the island; has a 
monopoly of the shipment of the ore to Europe, and has, 
moreover, enormous infiuence in the coaatry. 

It was for some years believed that the nickel-bearing 
formation was limited to the mountain ranges along the 
east coast, and it is along this coast that the chief mines 
are still being worked ; but it is now an established 
{set that the magnesian rocks in which this metal occots 
have a very wide extension also on the west coast, and 
a number of valuable mines are now being worked on 
that side of the island. 

Thfi author found during his recent visit that the 
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€rSOLOGIOAL. 

It is not the object of this paper to discuss the general 
geology of the island : that would be outsido the author's 
opportunities of study and personal observation, and, more- 
over, would not conduce to the elucidation of his subject. 

Broadly speaking, tbe southern half of the island, with 
which this paper deals, consists of serpentines and schists ; 
but the former is the most prominent formation, and it is 
solely in this rock that the nickel deposits occur. It must 
not be understood that this rock is sdways and everywhere 
the repository of nickel — that is not so ; but wherever the 
ore is found, it is invariably in the serpentine. 

This rock is the common massive variety, of variable 
colour, dark green and greenish grey being, perhaps, the 
predominating shades. It is sometimes traversed by veins 
of steatite, and often exposes steatitic faces, which have the 
smoothness and unctuous feel characteristic of soapstone ; 
outcroppings of asbestos are also occasionally met with. 

It is not, however, veined and mottled like, for instance, 
the* serpentines of the Lizard; indeed, the noble or precious 
serpentine was nowhere observed by the writer, though he 
travelled over a great extent of serpentine country ; nor 
could he find, on enquiry, that any variety of the rock was 
ever used for decorative or ornamental purposes. 

The serpentines form whole mountain* ranges, running 
into peaks and ridges of considerable height ; and it is a 
noteworthy fact (which the author will leave to the geologists 
present to explain) that the nickel deposits occur almost 
invariably in elevated positions, often at the very summits 
of the mountains. Indeed, a visit to a New Caledonian 
nickel mine, involving, more frequently than not, a climb up 
the very steep sides of a mountain some 600 to 1,000 metres 
in height, in a tropical sun, is an experience well calculated 
to impress its novelty upon the mind of the visitor. 

* The country is extremely mountainous, the central chain, north 
to south, attaining a height of 1,700 metres (5,576 feet) and averaging 
500 metres (1,640 feet), whilst the mountains along the coast are from 
100 to 200 metres in height 
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Aa a general rnle, the nickel-bearing Bnmmita are capped 
more or lesa extensively — sometimes very extensively — with 
ironstone. These deposits are often several feet in thickness, 
and consist of a confosed mass of bontders and rounded 
pebbles, from the size of the latest cannon ball down to 
that of small shot : anderlyiog the ronnded lamps of hema- 
tite, and sometimea extendinff for some distance down the 
slopes, layers of oolitic gravel of the same material not 
nnfreqaently occur. It is stated on good authority that 
the ironstone carries a little Chromium to the extent of 
4 to 8 per cent, of the sesquioxide, Crfiy 

The ironstone is much weathered, is quite black, and 
very vesicular. 

Another conspicuous feature is the frequent occnrrence 
on the serpentine slopes of a peculiar red earth, often in 
patches of considerable extent, and appearing from a dis- 
tance like huge scars. It is generally spoken of as argil- 
laceous ironstone, op ferruginous clay, hot the author 
gathered from an excellent chemist on the spot, to whom he 
is indebted for the following analyses, that it contains 
practically no alumina ; it consists almost entirely of 
iron and silica, with 1 to 3 per cent, of nickel, and 
has no commercial value. The analyses referred to 
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and to a moderate depth, and in these cases partaking of 
some of the characteristics of a regular lode. Veins occur, 
for example, 2 to 3 feet in thickness, witli good regular 
walls and a regular dip, and taking at times a lenticular 
form 4 or 5 feet in thickness. It is generally held, how- 
ever, by the French engineers that these veins are not true 
fissure lodes. 

The lesser veins and stockworks could not be profitably 
worked by underground mining, and are invariably exploited 
in open quarries. It is, I believe, an established fact that 
there is a certain small proportion of nickel in the serpen-^ 
tine rock— viz., 0*25% to 075%. 

MiNERALOGICAL. 

The mineral in question is a hydrated silicate of nickel 
and magnesium, The ai^enides and sulphides are not mot 
with in New Caledonia. Of this double silicate there are 
two distinct varieties, the green and the brown. 

Some mineralogists recognise two varieties of the green 
ore, and, following Professor Liversidge, designate them 
Garnierite and Noumeaite respectively ; the term garnierite 
after Gamier, the discoverer of nickel ore in the island, and 
noumeaite from Noumea, the capital within a few miles of 
which the first deposit was found. 

Describing garnierite, Liversidge says, in a paper read 
before the Royal Society of New South Wales in 1880 :* 
*' It is at once distinguished from the more important 
mineral noumeaite by its adherence to the tongue, and by 
its falling to pieces when immersed in water, and even when 
allowed to remain adherent to the tongue for a moment or 

80 Apart from these characters, there appears 

to be but little difierence between the two varieties." 

The author, after spending several weeks in the nickel 
district, visiting a number of the most important mines, and 
studying the deposits and the character of the mineral, 

* '* Notes upon some Mmerals from New Caledonia." By 
A. Liversidge, Professor of Geology and Mineralogy in the 
University of Sydney. 
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Teatiires to doubt if there are any Bofficient grotmda for the 
distinctioii here dram^-a distiDCtion without a difference, 
he is inolined to think, and one, he belieres, never 
recognised hj the mining engineers and chemists on the 
spot. Not only is there, in his opinion, no jostificatioa for 
the anb-division into gamierite and noomeaite, bat he is 
decidedly of opinion that it is only common justice to the 
discoverer to designate this mineral gamierite, ander- 
standing by that term the green silicate of nickel and 
magnesia, without reference to the various shades of colour 
it assumes, or to the percentage of nickel it may contfun. 

This New Caledonian mineral is always found amor- 
pbons — never crystallised. It occurs in massive pieces, in 
botryoidal, mammillated, and occasionally in stalactitic 
forms, and in brecciated masses. Imbedded in the miaeral 
are often angular lumps of serpentine rock. 

It varies greatly in hardness, sometimes being quite soft 
and brittle, crumbling between the fingers, and in other 
cases hard enough to be cut into shape and to take & fair 
polish. In colour there are very pale tints of green (which 
appear to he only silicate of magnesia with a mere trace of 
nickel, and of no value), apple greens, and on to a rich dark 
green — the darker greens being generally richer than the 
pale green ore. Its specific gravity is about 2'5. Its com- 
position is very variable, and the fact that no two formulse 
that one finds in text books and museums scarcely ever 
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has sometimes the following composition : silica, 45 ; nickel, 
26; Magnesium, 13; iron, 3; water 13. 

As to the brown variety of the mineral, it has practically 
the same composition as the green ore, but is understood to 
contain a little more iron, a little less magnesia, and to be 
somewhat richer in nickel than the green ore. It is 
always spoken of in the district as " chocolate nickel ^' or 
" chocolate/' This variety has not been so long known as 
the other. The author may here venture to quote an 
extract from an article contributed by him, in October 1892, 
to the Sydney Morning Herald : '^ The green mineral has 
been mined since 1874; but not till about 1887, or the 
following year, was it recognised that the brown variety 
was an ore of nickel, and seeing that it occurs in veins, 
joints, and fissures, traversing the serpentine rocks pre- 
cisely in the same manner as the green ore, and often 
intimately mixed with it (though also occurring in separate 
veins), there is no doubt that prior to that date much 
valuable brown ore was, in ignorance of its worth, thrown 
away to the spoil heaps. The chocolate ore, like the 
green ore, varies very much in quality, there being a 
light brown and inferior ore, just as there is a light 
green and low-grade ore; but, speaking roughly, the 
chocolate nickel is understood to be the richer of the two ; 
and that this is a generally recognised fact is evidenced 
to anyone who moves about the island for ever so short a 
time, by the eagerness with which a discovery of 'chocolate' 
i^ hailed. There is a distinct similarity in the composition 
of the green and brown varieties, in that they are both 
hydrated silicates of nickel and miagnesia, the brown con- 
taining a larger proportion of the peroxide of iron and less 
magnesia. Speaking generally, all the nickel mines of 
New Caledonia yield the g^reen nickel ore, but in some 
mines but little of the brown ore is met with, while in 
others the chocolate variety forms quite a distinctive 
feature. In conclusion, as the term ' chocolate nickel ' has 
become grafted intb the mining phraseology of the district, 
I Would Venture to suggest that a concise and distinctive 
mineralogical name for the bh)wn hydrated silicate of 
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nickel and magnesia, or chocolate nickel ore, would be 
' choeoliie.' " 

Throngli the courtesy of Mr. Arthur C. Claadet, oar 
excelleut Treasurer, the author is ubie to gire an analysis 
of a specimen of the chocolate ore which ho submitted to 
him for ezarainatioD. Mr. Clandet writes: — 

I tnajr aayUtat this partioul&r ore consists chieflj of ui almost 
intimate mixture of two minerals — tIz., hydnited silie&te of nickel 
and magaesia, and hTdrated nside of iron, tlie Utter probably 
Jimonite. The specific gravity of Uua ora I find to be 3.00(1, 
tite presence of the liraonite raising it above that of gsmierite 
(bjdrated dlioale of nickel and magnesia). I send yon three 
small specimen boxes contaiaing a small piece of the ore in its 
origiool state as reoeived by me, a amall piece of the ore treated 
by dilute hydrouhlorio acid, nhich dissolved the limonita leaving 
the green miaersl gamiurite, and some of the ore treated by the 
same scid after the ore had been finely pnlverised. The follotr- 
ing is the composition of the cliooolate nickel ore : — 

Niokd. 
Oxide of nickel 12.25 7. = 06*7. 



Magnesia 

Alumina 

Silica 

WaUr, at 212* Fahr. 
Water above aii* Fahr. 



32.20 
3.0Y 
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of good width ; the latter method when they are small — say 
less than from 6 to 12 inches — and when stockworks occur. 

It sometimes happens that both systems come into 
operation in di£ferent parts of the same deposit. For 
example, the larger veins are exploited by tunnels, and 
subsequently the cap or top of the peak is quarried for the 
sake of the numerous small veins. 

When underground mining is resorted to, the system 
followed is that universally practised in metal mining, and 
familiar to all mining men. 

A series of tunnels or adic levels, one below another, are 
extended into the mountain along the vein, and connected 
in the usual way by winzes and rises for ventilation, and for 
convenience of stoping. An example may be cited. The 
mine is situated near the top of a steep mountain, close to 
the Bay of Nakety. The outcrop of the main vein at the 
summit is some 1,300 feet above the sea. Large masses of^ 
loose ironstone cover the plateau. The vein has a regular 
strike, and has been followed into the mountain for some 
100 metres ; it is bounded by good walls, which have a dip 
of about 45° ; its normal width is 2 to 3 feet, but it is about 
double this in places. The enclosing rock is a dark green 
terpentine. The ore is of excellent quality, consisting of 
the green and brown varieties — garnierite and *' chocolite '* 
(if the latter term may be permitted) — ^in the sanie vein, the 
latter rather predominating, a fact at which the proprietor 
«— a hearty, hospitable and enthusiastic Frenchman— is 
naturally highly gratified. The workings had attained a 
depth of about 350 feet from the outcrop, and at the 
deepest point reached the vein was still 18 inches in width 
of rich ore. The mine had been at work for about two 
years on a very moderate scale, and had yielded 2,500 tons 
of ore, averaging 7 per cent, of nickel. 

Very brief mention may be made of one other nickel mine 
visited by the author, where the bulk of the ore was raised 
by open quarrying, but where there was also some under- 
ground mining of a somewhat irregular kind. The veins, 
some of them several inches in thickness, were not persistent 

in any one direction, and thus it happened that after 

9 
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driTiiig on a rem a few yards it miglit be cut off by a; 
prodactive cross vein; the latter wonld then be followed 
right and left till another inteiraptioc occurred or the vein 
became poor. A. winze would then be sank or s rise put' 
op to prove the rein, and perhaps fresh lerela driven in 
different directions from the bottom of the one or the top 
of the other ; and thns the mine, to a visitor, seems to be a 
perfect labyrinth. 

Quarrying is done in terraces from the top downwards, 
each terrace having a wide floor on which the rock is 
blasted down, and where the ore is prepared for market. 

Each qnarry has a face of nearly vertical rock, say, of 
10 to 15 metres in height, and a floor of, say, 20 to 40 
metres in width. Deep holes are drilled by "jumpers" in 
the face of the qoarry and blasted with dynamite. 

The rock being very jointed, it breaks down jn large 
lamps or blocks, which have subseqaently to be reduced 
by heavy hammers or shot-holes to a convenient size for 
setting free the veins and strings of ore, and for easy 
removal of the dead rock in waggons or barrows. 

Roughly speaking, every joint and Assure of the rock ie 
filled with ore, the veins thus ramifying in every direction 
varying in size from, say, a knife-bUde thickness np to 6 
or more inches, but the smaller veins are the most common 
and numerous, and hence, to secure all the ore, it becomes 
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remored. The {ncked ore is now thrown with the fines and 
the oobbingB, and the whide mixed together fonns the 
marketable product. 

As might be expected, the ore prepared in this erode 
way, by screming and hand separation withoat the aid of 
water, contains a large proportion of stone and dirt ; but 
this is the system universally adopted throughout the nickel 
mining diatnct, the difference in the specific grmtj 
between the nickel ore and the country rock not being 
su£Scient to make easy and economical separation by water 
practicable. 

The arenge quality of the ore shipped to Europe 
is 7 to 8 per cent, of metallic nickd. No ore of 
less than 6 per cent, is considered marketable, nor will the 
Nickel Company purchase ore of a lower grade. 

The cost of mining and preparing the ore is one which 
the author must pass oyer very cursorily. It naturally 
varies according to whether the deposits are mined or , 
quarried; it is affected also materially by the distance 
inland, the height above the sea^ and by the conditions , 
of labour. The author has heard of cases where the cost , 
was so low as 6s. per ton, and of other cases where it 
reached 40s. per ton. 

As to the class of labour, it consists, in the main, of 
convicts and ex-convicts. Of the available convicts — i.e., 
those whom the Government can spare from the public > 
works — ^the majority are employed by the Nickel Company. 

The ex-convicts, or LU>ere, are men whose term of en- 
forced servitude has expired, and who are now free to move 
about the island as they please, but who are exiles for life. . 
These men, who find no difficulty in getting employment, 
command a wage of about 5 francs per diem at the mines. 

The native Kanakes, who form the bulk of the in- 
habitants, seldom work in the mines if they can avoid it, 
and their wants being few, they manage to a great extent to , 
live without work. Indeed they are said to hold strong . 
views as to the folly of work, and the stupidity of the white 
man who is addicted to it. The Government having made ^ 
them all sober by Act of Parliaments-no one being allowed , 



( 182 ) 

under Iiesvy peonlties to sell them any bereitige of an 
exciting nature — they heve only to work a few days now 
and then to purchase tobacco, or to replenish their very 
scanty wardrobes. 

The scarcity of lahonr is one of the chief difficaltiea in 
oonnezion with mining in New Caledonia, and Kanakea are 
imported from the neighbouring isIandB, and eren Chinese 
and Japanese are sometimes imported in considerable 
nambers. 

It is a norel and interesting experience to see a big 
mine or a series of quarries in full work, manned entirely 
by convicts, guarded by a number of warders all armed 
with revolvers. Some of the men drilling boles, others 
blasting with dynamite, some spalling, cobbing, screening, 
or hand picking, whilst others are tramming or wheeling 
away the waste rock. Some also are placing the ore in 
bags ready for transport down the moantain side, oa 
cable lines or tramways, to the wharf for shipment. 
All is activity, but there is an absence of zest and 
oheerfulneas in the performance of the task, for, naturally 
enongh, the convict is not notorious for the energy and 
enthusiasm he throws into his work. 

At a group of four mines at Thio, owned by the Nickel 
Company, which the writer was courteously allowed to visit, 
900 men were employed, 750 of whom were convicts, and 
150 libera. The latter are not employed at the aame mines 
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Single cable tramways are sometimes used for short 
distances. They are simple and inexpensive, bat of limited 
application. 

A single wire rope is anchored at each end in the usual 
way* A tough forked stick takes the place of the pulley ; 
one leg of the fork is pierced with a hole, from which a 
stout wire, bent into a circular form to carry a bag of ore^ 
hangs suspended. A number of these rude suspenders are 
kept ready for use. 

When it is desired to send the ore down to the depot^ 
one of the forked sticks is placed across the wire rope, a 
bag of ore is simply balanced (not fastened) in the 
wire loop, a push is given, and the load goes spinning 
down the cable at great speed to the terminus, where 
it bumps against a battery of filled bags and is then 
removed. 

Only one bag of ore is sent down at a time, but they are 
generally made to follow each other very quickly. If a 
load happens to stick fast in mid air, another cargo is 
despatched with an extra push to dislodge it ; this generally 
succeeds in inducing the truant to move on, but occasionally 
the concussion disturbs the balance of things and the bag 
&Ils to the ground, the contents being scattered by the 
impact. 

This is a rough and ready method of sending down ore 
from new points and almost inaccessible places; but it 
involves carrying up the empty bags and forked stick 
suspenders — if they may be so designated — to the working 
points on men's backs. 

The author regrets that, owing to an entire discon- 
tinuance of smelting operations in the island, he had no 
opportunity during his recent visit* of studying the metal- 
lurgical side of the subject. 

He gathered on enquiry that smelting of the nickel ores 
into matte had been attempted on two or three occasions, 
and that a few thousands of tons of matte, of SO to 70 per 
cent, metallic nickel, had been obtained; that coke 

* In the autumn of 1892. 
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(imported from Sydney) was the foel nsed, the flax htSag 
gypsam, or its snbatitnte, limestone and snlphar. 

For some reason, however, amelting operations hava 
been disoontinned, and the ore is all sent to Borope ; the 
balk, if not the whole, it is naderstood, to Glasgow, to bo 
tnetallnrgioally treated. 

In conclusion, it may be mentioned that the uiokel 
'deposits of New Caledonia are said to ^tend only to a 
limited depth, one or two formerly important mines having, it 
is reported, ceased to yield nickel at a depth of 300 feet, the 
ore at that depth passing into the white silicate of maji^esia. 
The author has no evidence which would justify him in 
venturing a decided opinion on this point, but the enormous 
area which the nickeliferoos serpentines cover seems to 
indicate that it will be a very long period before the nickel 
deposits of New Caledonia will become exhausted. - 



DISCUSSION. 



Mr. S. Hkrbbet Cox : I have not been in New Caledonia, 
but there are many points in Mr. Garland's paper which 
have struck me as of very great interest, and more 
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point to me that the characteristics of the rock in New 
Zealand appear to be almost identical with those in New 
Caledonia^ and yet the mineral contents of the New Zealand 
rock is quite different — that is to say, that instead of nickel 
occurring in the l)ew Zealand beds^ copper occurs^ and it 
seems to occur under very similar conditions. The lodes of 
copper there are irregular lodes — ^perhaps more properly 
called lenticular deposits^ as Mr. Garland says. They have 
certainly a very close resemblance to lodes in certain places, 
although pinching out and widening in a very irregular 
manner; and they run from copper to this hydrated silicate 
of magnesia^ which Mr. Garland speaks of. There is one 
point I should like to know very much^ and that is whether 
in New Caledonia these nickel deposits which die out in 
depth and pass into this silicate of magnesia have ever 
been followed down sufficiently far to see whether the same 
lodes open out again, and other deposits of silicate of nickel 
occur below. I think it would also be very interesting to 
know if Mr. Garland can tell us whether copper occurs with 
the serpentine, and in lodes near these nickel lodes, because 
it strikes me that there must be some sort of connexion 
between the two classes of deposits, the conditions being 
so similar in the two different places. Then, as regards the 
nomenclature of the nickel ores, Mr. Garland very properly 
has begun his paper by suggesting that we should condense 
the names, and that garnierite and noumeaite should be 
included in one group; but why, may I ask Mr. Garland, 
does he not go back a little further and take the name of 
alipite, which Dana uses, and which, as far as I can see, 
excepting that perhaps the silica is a little higher 
than in the analysis before us, appears to be identical 
with noumeaite and garnierite. The tendency, no doubt, 
is for mineralogists to spread out the names, and, 
instead of sticking to one name, which includes a number 
of species, they are very apt to run into new names on the 
: very least provocation. I must say that I think it is rather 
. unfair of Mr. Garland to tell us that he is going to propose 
'' chocolite '* as a new name, after suggesting in the first 
instance that he should condense the two other names. 
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The Chaibhah asked Mr. Cox wbetiier the copper in 
New Zealand to which he had referred ooonrred as silicate, 
bs, if BOj it was a veiy intereetiiif^ parallel between the 
conditioaB in New Zealand and those in New Caledonia. 

Mr. Cox said it occnrred as silicate on the outcrops and 
changed to oxide of copper and native copper, and in 
some parts to copper glance. He thought that these were 
about the only copper minerals that occurred. There was 
a good deal of iron associated with the copper in places, 
and in one case he had seen copper pyrites. Host of them 
were oxides and silicates but no carbonatO) or only very 
fine incrustations of carbonate. 

Mr. C. A, MoBEiHO : I think we ought to be very pleased 
with Mr. Garland's paper, especially as it marks rather a fresh 
departure in the character of the papers we have so far had 
before aa. It is an account by a member of our Institution 
of notes he has made on a professional trip, and I think a 
very wide field of nsefulneBS is open to this Institution if 
all of us who are professionally engaged on examinations 
of properties of this character would make notes and com- 
municate them for reading. If this were done we should 
amass a considerable amount oE information which might 
oltimately lead us to get a proper theory as to bow mineral 
deposits are formed. What has struck me particularly 
in Mr. Garland's acconnt of these nickel mines is the very 

igh manner in which the whole thing seems to be 
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Mr. MoBiiNO : There are only 80 actual mines^ but we 
.can hardly call them minesy because they only produce 
60,000 tons of nickel ore per annum. That is only 
averaging them at about 700 tons each per annum, which is 
an insignificant amount* From what Mr. Garland says 
some of the mines are evidently large and extensive ones^ 
like the Thio, where some 900 men are workings so that the 
greater portion of tl\jB 80 must be very small affairs indeed* 
I see Mr. Garland throws out a hope that some geologist 
amongst us will explain why these deposits have a way of 
getting on to the top of the hills. I have often wished 
that deposits of all kinds had not got this unhappy way of 
getting on the top of mountains^ but it is not peculiar to 
nickel mines in New Caledonia. I can quite understand 
that New Caledonia being very hot, and the hills being 
very steep^ the fact impressed itself more particularly upon 
Mr. Garland, although I have also had it impressed upon 
me very unpleasantly in trying to sc^e the summit of the 
Bocky Mountains in the middle of winter. I notice 
Mr. Garland says in his paper that the brown variety of 
this mineral^ which he has called '^ chocolite,'' is under- 
stood to be richer than the green variety^ but the 
interesting experiments which Mr. Claudet has made on 
this brown ore seem to show that the nickel containing 
substance in the brown ore is simply the green ore, and that 
the brown substance is limonite, which is in addition to the 
green. It would make one think that the brown ore 
ought to be of poorer quality than the green. I 
was handling the specimens just now^ and I was struck 
with the peculiar lightness of the brown '* chocolite,'* and 
certainly to the hand it seemed much lighter than the 
green. I notice from the analyses given on the blackboard^ 
that there is one case there where the brown ore is 
richer than the green. Of course^ analyses of that 
sort do not prove anything^ because some rich specimens of 
the green^ and some poor specimens of the brown inay 
have been taken. But what struck me especially was the 
experiment of Mr. Claudet, which is very interesting, and 
which seems to show that the brown ore is only an impure 
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Tarietj of the ^reeii, and therefore I Bhoald natnially say 
it maet be » poorer ore all ronnd than the green. 
Like Mr. Cox, I was rather atrnck with the little incon- 
sistency of Mr. Garland in ohriateniog this brown ore 
" chocolite," bnt I presume he simply means it as a 
nsefol, rongh name for the ore andergronnd amongst 
the miners, and not for the pnrpose of patting a fresh 
mineralogical name into oar scientific books, which, I am 
sure, woald be a great misfortune to all oE us. 

Mr. Thokab Bicsakd said he would not quarrel with the 
author on the subject of his new term, though rather 
opposed to any more than were necessary. He thought 
the French mining methods were neither rough nor bad, 
and that it would be difficult to initiate any other 
method which would suit the purpose so well. If the ore 
were of greater density, so that the refuse stuff could be 
eliminated, other methods could then be used. He also 
thought their method of transport was very good, though 
it was not, as Mr. Grarland supposed, the first single wire rope 
that had been used, there baring been in use for over 40 
years, at the Bottinn Mine in Tuscany; a single rope or rail 
with a contrivance in imitation of a bird's wings. The ore 
was seat down over this line, and the empty sacks 
returned on mules' backs. Mr. Garland had said that 
the only public company in the island was La SociStS Id 
Nickel, the others being private companies. There i 
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a ton £o.b. ; whereas at Sndbnry they produced their mattes 
and speiss and sold them np to 40 cents per Ib.^ which 
meant about £160 a ton. The Canadians had hoped that the 
New Caledonian mines would be speedily exhausted, but 
there seemed to be little chance of this happening for many 
years to come. Then, regarding the population, he (Mr, 
Bickard) had learned that the natives of the Loyalty Islands 
were exceedingly satisfactory as workmen, and the French 
ezploitants had brought numbers of workpeople under 
contract from Tonquin, who worked for two francs, forty 
centimes a day and their food. Mr. Garland had referred to 
the fact of chromate of iron being found ; of this ore there was 
a great deal; large quantities having been exported from 
there. It was also important to note that while the central 
mass of the island was serpentine, the lower-lying grounds 
were composed of carboniferous rocks, from which large 
quantities of coal of very fair quality could be obtained. 
Then, as to the ore occurring on the tops of the hills, 
there was perhaps not much difficulty in accounting 
for that, as it was not the ore that had got up there, 
but the softer overlying rocks which had been worn 
down. He regretted that Mr. Garland had not fur- 
nished them with some particulars respecting the smelting 
operations, as it was no doubt an interesting question. The 
addition of flux containing sulphur was, he thought, a 
mistake, and one that had been given up long since. Proof 
of this was to be found in the fact that whereas the Sudbury 
nickel was got from sulphurous ores, that from New 
Caledonia was obtained from the silicate ores, containing no 
sulphur, and being smelted without an admixture of sulphur 
was of superior quality. This was an important condition 
in favour of New Caledonia. He (Mr. Rickard) thought 
the ferro-nickel process was now being adopted, which 
method was as follows : The ore was smelted in a 40 feet 
blast furnace to obtain ferro-nickel, which was then ground 
and decarbonised in a reverberatory furnace, and in 
subsequent treatment the iron, the silica, and the manganese 
were slagged ofE and the product sent to be refined. The 
refining was, however, very costly. In Canada the miner 
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Bells his product as a matte, whereas the miner in New 
Caledonia selU it as 7 or 8 per cent. ore. 

Mr. PxRCiTAL FowLEB Said he wonld like to ask Mr. 
Crailand if he knew of any analogous deposits to those of 
New Caledonia, and whether he could give any information 
as to the outcrops, the ostare of the outcrops, and how the 
nickel was discovered. He would like to know whether the 
outcrops were iron caps or quartzose. Mr. Garland had 
mentioned that the encloaing rocks contained from 1 to } per 
cent, of nickel, and he (Mr. Fonler) would like to aak whether 
he has formed any theory as to the origin of nickel deposits 
by the segregation of particles, or whether there was any 
eridence as to their origin by segregation, BuhlimatioD, or 
deposition : also whether in any case the sulphuretted com- 
pounds of nickel had been met with. Further, whether, in 
Mr. Garland's observations and examinations, he had come 
across any of the relations which are ao often found in the 
serpentine rocks between chi-ome iron or asbestos, further 
than mentioned in the paper; and also whether the author 
could give any sketch of the lenticular character, either as 
vein or masses of the deposits which he met with. 

Mr. Cox said he wonld farther like to ask what the 
gangne of the lodes was. 

Mr. G. E. Collins : It seems to me that the special in- 
terest of Mr. Garland's paper arises largely from the fact that 
it gives us the ideas of a practical English mind upon these 
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Are these being worked at the present time ? The occur- 
rence of the deposits ezclasivelj in a horizon of the 
serpentine, now exposed at a considerable height above the 
sea level is a curious fact^ but I think the simple explana- 
tion which Mr. Rickard has given is a little too simple. 
What we really want to know is why the serpentine down 
in the valleys never contains these deposits. 

Mr. Rickard : They are not seen. 

Mr. G. E. Collins : But it has surely been tried some- 
where; at any rate, they have had as good a chance of 
being discovered as those on the tops of the hills. It 
may perhaps be that the serpentine, by lateral secretion 
from which the nickel is doubtless derived, is only 
nickeliferoas at or about this horizon. Can Mr. Garland 
adduce any evidence for or against this conjecture ? Does 
the serpentine, for instance, contain nickel everywhere or 
only in the same horizon in which the deposits occur ? Mr. 
Moreing^s remarks as to the rudimentary nature of the 
wire tramway used are, perhaps, a trifle hard. He has him- 
self dwelt on the small size of most of the mines, which is, 
of course, a result of the irregular nature of the deposits, 
and surely it is obvious that small mines cannot support 
an elaborate plant. 

Mr. O'DoNoaHUB said the tramways were moved when 
the boats come round, as there was a certain amount of oro 
brought on to the top of the hill, and which had to bo 
carried down to the beach. They sent down 100 tons 
perhaps from one place, and then when the vessel moved 
on say two or three miles she had perhaps another 200 or 
800 tons to come down. They were only little simple 
things which were moved from one place to another. 

Mr. Benedict Kitto : What struck me most in Mr. 
Garland's paper, was the great dissimilarity between the 
nickel ore which he describes, and the ores of nickel which 
we get from other countries. I believe the deposits in 
Norway and Sweden, as well as in the United States and 
Canada, are arsenides and sometimes sulphides, and I 
suppose the only place that yields anything like the same 
quantity of nickel ore as the New Caledonia district 
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is the Sndbaiy district ia Canada. There I believe 
it occnra as a sulpUde in tiickeliferoas pyrhotite. It 
occoTB there, as I understand, between the goeiss and 
diorite rocks in what are generally called contact veins, 
which mode of occurrence, of course, is ybtj different from 
those silicate deposits spoken of in the paper. I believe the 
Commission appointed some few years ago by the United 
States Government to inqaire into the quantities and 
qualities and methods of working the Sudbnry deposits 
reported, if I remember rightly, that there was in sight 
650,000,000 tons of this ore. That, of course, is a very 
large quantity indeed, and no doubt a great deal more 
has been opened up since that time, so that there is a 
very plentiful snpply of nickel from that district. Then 
ibfl question is whether that nickel ore can be produced at 
a profit. Now, the impressions that I have got, are that 
they have not been very profitably worked. Perhaps 
Mr. Rickard has more definite information on this subject 
than I have. I believe the deposits in the United States 
have not been successfully worked from a financial point of 
view, though I remember reading at the time that these 
niokel ores were said to be so mixed with siliceous mattra 
that they could be smelted without the addition of any 
outside flux, so that the smelting should be cheaply done. 
Bnt then we must remember that those ores contain only 
from 1 to 5 per cent., perhaps an. average of 3 per cent, of 
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two-fifths of the island contained these nickeliferous 
deposits. A good deal of the district is no doubt too poor 
to be worked snccessfally, bat there can be no doubt that 
the deposits are enormously large and yery widely dis- 
seminated throughout New Caledonia. Mr. Cox spoke 
about the copper occurring in the serpentine in Australia/ 
and that it occurred near the surface as silicate, going down 
into oxide and natiye copper. Those are just the conditions 
in which the copper occurs in the Lizard serpentine in 
Cornwall. It seemed to me rather a wrong way to go to 
work to convert the nickel into a matte, seeing it occurs 
absolutely free from arsenic and sulphur. I believe that 
the purest metallic nickel at present is that produced by 
the patent taken out by Mr. Ludwig Mond in 1890. 
He has treated these mattes and other sulphides and 
arsenides of nickel, and converted them into oxides ; then 
he reduces with hydrogen to the metallic state, and after^ 
wards passes carbon monoxide, which he brings into 
contact with the nickel. The two combine, forming a. 
vapour. It is a rather curious property of the metal that it 
will combine with the monoxide, I believe the formula is 
Ni(C0)4. This then passes into a chamber which is further 
heated. I believe the temperature is somewhere about 
250' C. There the compound is broken up, and metallic 
nickel is left in a very pure state indeed. In conclusion, I 
have, like Mr. Cox, a very strong feeling against the mul- 
tiplicity of mineralogical names, and I perhaps speak more 
feelingly on the subject owing to my own experience of the 
difficulties which have sometimes arisen in this connexion. 
Mr. A. 6. Chableton: The author states that the French 
engineers do not regard the nickel deposits of New 
Caledonia as true fissure veins,^ but he says that in places 
they show considerable persistency in strike (extending for 
several hundred feet in length to a moderate depth), 
possessing a good regular dip, and other characteristics of 
regular lodes. In another place, Mr. Garland alludes to the 
occurrence of patches of red earth of considerable extent^, 
which appear in the distance like huge scars on the hill- 
sides; and thirdly, he speaks of the nickel bearing summits. 
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being capped more or less exteoBively with a tHick deposit 
of iron-stone and oolitic gravel; for example, near the 
mine he describes at Nakety. 

Kow one point I would very much like to know, is 
whether these iron -stone deposits extend along the 
"croppings" of the nickel-ore as far as they can be traced, 
and also if the author can say for certain whether they do 
or do not cover depoeits of the red earth elsewhere ex- 
posed. If they do, it would confirm the description girea 
by Lerat, who states that the red clays, as he calls them, are 
mostly capped with iron-stone, underneath which the beds 
of cobaltiferous manganese (alluded to by Mr. 6. E. Collins) 
are found. The point to be specially remarked is that Levat 
insists that the nickel deposits are found exclasively at or 
near the contact of bodies of this red earth with the 
serpentine, thongh never found in the red earths them- 
selves. Now the term "scars" would give one the im" 
pression of a "basin," which it is impossible to connect with 
the idea of a vein several hundred feet in length, except by 
supposing the basin to be of elliptical shape, or that a number 
of small basins are ranged in contiguous rows or groups. 
In either of these cases, or if the red earths form as it were 
sheets or beds parallel with the strike of the veins, there is 
no difBculty in following the description given by both 
authorities. In that case, what are spoken of by Mr. 
Garland aa veins, are no donbt what Xievat alludes to as 
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to several feefc in tluckness. These matters are of some 
conseqaence, because Levat founds several important 
conclusions on them — ^viz., that these deposits are the result 
of the hydro-thermal decomposition of the nickeliferous 
serpentine, by the agency of numerous iron and mangan- 
iferous springs having found vent through fissures, 
eating the rock away^ and leaving half*dissolved masses of 
it in the earthy deposits, which are found crowned with 
oolitic iron-ore, the product of these overflows of 
ferruginous water. Levat concludes from this that the 
nickel-ore will be found to extend no deeper than the 
basins of red earthy derived from the decomposition of large 
surface areas of serpentine ; and he states that these follow 
a certain number of N.E. and S.W. zones, seldom exceeding 
600 yards in width, which can be traced from the eastern 
coast towards the west of the island. It seems to me that 
just as the nickel-ore is found penetrating the walls of these 
deposits, so it might be found below '* the basins/' as deep 
as the joints extend through which the water found exit. 
There is frequently, it may be remarked, a close connexion 
between nickel and serpentine, and as the Sudbury veins of 
nickleiferous pyrrhotite were originally found carrying 
copper at surface, and were, indeed, actually opened up as 
copper mines, it seems possible that the copper veins Mr. 
Cox speaks of in the serpentines of New Zealand might, if 
proved in depth, carry nickel. The fact that serpertine is 
derived from the decomposition of peridote rocks, 
which are generally admitted to be of igneous 
origin, would, I venture to think, offer a satis- 
factory explanation of the nickel deposits of New 
Caledonia being found at high elevations, as the original 
rock-masses from which the nickeliferous-serpentine was 
derived, were no doubt the latest and deepest seated volcanic 
overflows, which one would expect to find at a high altitude^ 
as if they extended to the low-lands they would stand a 
great chance of being denuded ofE the flanks of the hills* 
I do not believe in working '' prospects '' on too advanced 
and expensive lines— -in fact, the method of running the 
stockworks by quarrying and tunnelling seems to me 
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MBentially practical, thongli m Bome respeotB pnmitiTe- 
I refer, for example, to the transport, and think that 
Enffliah ongineere might give the Frenchmen a few points 
in their methods. Whilst I fully approve of the single-rope 
Bjretem, becaase it ia often conrement to adopt where yon 
have to frequently shift your terminaLi, I do not think the 
carriage of the sacks and saspenders on men's shoulders, 
even tbon^h convicts, is economical, and "labour" is the 
most precious item a mine-manager is called upon to avoid 
expending unnecessarily. If mechanical power is not 
available, a hand-windlass might be rigged up to haol the 
sacks back on a oarri^^e, swung from the main-cable, using 
a small palling-rope. I am given to understand, on good 
authority, that the output of these mines in 1891 was 
35,000 tons of 10 per cent nickel ore, and I would therefore 
like to know if the output which Mr. Garland puts at 60,000 
tons at present may not be the crude ore as delivered from 
the mine. As I understand that 22,690 tons of nickel ore 
were exported in 1890, the increase in the preceding twelve 
months was less than 13,000 tons, and it seems a large 
order, to jump in 1892 to 60,000 tons. 

The Chairhah : Mr. Garland in his paper refers to the 
east and west parts of the island. I notice in an article in 
the Mining Standard, of Sydney, published in 1892, that a 
statement is made to the eSect that the western portion of 
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nickel ore rather appear to corroborate that. I 
think we are all agreed as regards the term '' chocolite/' 
that it is unnecessary to introduce further names. 
It appears really to be gamierite mixed with limonite. 
I gather from Mr. Glaudet's analysis that the water 
of hydration is given off at two different tempera- 
tures^ and it would be interesting to know whether the 
water given off at one temperature is due to limonite and 
the other to the gamierite. The analyses on the black- 
board puzzle me ; they seem to me to be very high. I do 
not quite understand what the analyses are^ because we 
know what the average amount of nickel is^ and also the 
highest and lowest. The highest would hardly be as high 
as that shown, I think. There are very important points 
commercially between the New Caledonia nickel ore and 
the Sudbury ore depending on the totally different nature 
of the two ores. In the case of the New Caledonia ore, we 
have rich ore as it is shipped ; but we must not lose sight 
of the fact that that ore has to be selected from a very large 
mass of useless material, whereas in Sudbury the sulphides 
occur in very large masses, which can be quarried. It is 
nothing more than quarrying rather than mining, and 
although on the average they do not contain more than 
about 2^ per cent, of nickel, they are easily accessible, 
comparatively speaking, and can be dealt with in very large 
masses, whereas in New Caledonia the ore is disseminated 
through a very large mass of rock, as Mr. Garland has told 
us. In many cases you have very thin veins, and 
at most not very large deposits, so that one has to 
take that into consideration. As against that, we have 
the very cheap freight from New Caledonia, and the 
fact that the ore is very pure, the nickel being free 
from copper and arsenic. The question of the density of 
this mineral struck me as one worthy of some little 
attention. The specific gravity given by Mr. Garland is 3. 
Now, the mineral itself, as was pointed out by some gentle- 
man during the discussion, is very light, and if you take its 
specific gravity as it is without removing the air, you will 
find that it only runs out to about 1^. It is very porous, in 
other words, and that might possibly affect the question of 
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dressing'. The mineral when cmsbed ap tronld bare 
a specific gravity of 3, whereas ia the mass it has only 
ahont 1), it is so exceedingly porons. Mr. Bickard 
lias told ns of certain nev methods for dealing with 
the New Caledonia ore. I did not qnite gather where 
those methods were being carried ont, because till qnite 
recently, at any rate, it has been the practice to convert all 
the New Caledonia ore into matte at the works of 
La Soci^t^ le Nickel in Glasgow. Some years ago, when 
the ore was first discovered, they attempted to smelt it in 
blast famaces on the apot and send the metal over here in 
the form of pig nickd, bnt it was found that the difficnlty 
of converting that pig nickel into nickel — refining it, in 
other words — was so expensive that it did not pay to do 
it. As the resnlt the method of converting the metal into 
matte was parsned, and has been carried on nntil, at any 
rate, quite recently, and, as far as I know, is still being 
pnrsned. It ia perfectly true that at that time there was no 
nse for ferronickel, the use of nickel in the mannfactnre of 
steel had at that time no existence. It is now lai^ly nsed 
in steel, and that might to a certain extent modify the 
condition of things, Mr. Bickard, however, does not tell 
ns that ferronickel is being produced as the nltimate 
product, bat rather that it is being produced with the 
object of refining it. Then Mr. Kitto told as something 
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THIRD ANNUAL GENERAL 

MEETING. 



The Thibd Annual Oeniral Meeting was held at the 
Mnsenm of Practical Geology, Jermyn Street, Londoiij 
S.W., on the evening of Wednesday, March 21st 1894, at 
8 o'clock. 

Mr. Geobob Sbtmoub (President) occnpied the chair. 

The minntes of the last Annual General Meeting having 
been read and confirmed, the Secretary then read the 
Beport of the Council for the Session 1893-94 : — 

REPORT OF THE OOnNOIL-SESSION 1893-4. 

The Council have much pleasure in presenting to the 
Members of the Institution of Mining and Metallurgy 
their Second Annual Eeport, being for the year ending 
February 28th 1894. 

The Council congratulate the Members on having 
finally secured a permanent office, and headquarters of 
their own, in the City of London, which was occupied on 
the Brd March 1894. After much careful consideration 
and discussion, it was decided that the business of 
Mining Engineers being almost wholly in the City it 
would be most convenient to the Members to have the 
offices there, and, accordingly, they have been 
located in a most central position in Broad Street House, 
New Broad Street. It is expected that Members who are 
home from abroad for a short period from their pro-^ 
fessional occupations will find these offices a great con- 
venience, as they can have their correspondence directed 
iphere, and use the offices for the purpose of writing letters, 
and as a rendezvous. 
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The InBtitation now consists of — 

Members 

AsBociatea 

Students 

Total 



247 



These fignies show that the Institution is in a 
Bound and satisbctory condition, considering the short 
time it has been in existence. The qualifications of 
Casdidates and the admission of new Members has 
been subjected to close scrutiny ; it being the aim of 
the Cooncil that a Diploma of the Institution shall 
be, as far as possible, evidence of the professional 
training and experience of the Member. 

The following Papers have been read at the Ordinary 
Meetings of the past Session :^ 

1. " The Mining District of Oporto," by Mr. Frank Merrioks 

(Associate). 

2, " Gold Mining in India," by Mr. A, Mervyn Smith 

(Member). 
8. " Mining in Pern," by Mr. Arthur L. Fearse (Member). 
4. "The Bleotco-Cyanide Method of Gold Extraction," 

by Mr. J. B. Hannay (Member). 
6. " The Economic Treatment of Low Grade Copper 

Ores," by Mr. J. H. CoUins (Yic&-Frefiident). 
6. "The 'Direct' Method of Producing Befined Copper," 
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have under consideration the question of abstracting the 
more important Papers published in other journals at 
home and abroad. 

The Council have in view the establishment of a 
Library, in connexion with the Institution, of works con- 
nected with Mining and Metallurgy. A beginning will 
be made by exchanges of Proceedings with other similar 
institutions in various parts of the world, and it is hoped 
that Members of the Institution will make donations to 
the Library. 

The Hon. Treasurer's Statement of Accounts and 
Balance Sheet for the first two years shows that the 
income of the Institution is ample for all present 
requirements, and, as it cannot fail to grow from year 
to year, a gradual accumulation of funds should take 
place, which will lend stability to the Institution, and 
aid in its general usefulness. 

The Council announce with much regret that they 
have lost three members by death during the year just 
ended: Mr. H. M. Becher, to whom the Institution was 
indebted for the first paper ; Mr. A. M. Levy, and Mr. 
George Simpson. 

The Council trusts that the Members of the Institution 
will contribute Papers for reading and publication in the 
Proceedings, this part of the work of the Institution 
being that which is of the greatest permanent importance. 
If Members of the Institution, when engaged on the 
examination of mining properties in all parts of the 
world, would make notes on the mineral deposits and 
other matters with a view of communicating them 
to the Institution, there is no doubt that a mass of 
extremely valuable knowledge would be accumulated on 
what is at present but a little known science — the theory 
of the formation of mineral veins and deposits. 

Geobge Seymoub, President. 

S. Herbert Cox \ 

Percival Fowler [ Hon. Secretaries. 

C. Algernon Moreing ) 



( 



) 



The Chaibhah : Gentlemen — Onr cnrrent session having 
ended, and a change in the officers of the Council having 
been oansed by the effloxion of time, the following i^point- 
ments hare been made : Professor Huntington becomes the 
new President of the Institntion, and the Yioe-PresidentB 
are Mr. J. H. Collins and Mr. Joseph Garland. The 
members of the Conncil, as at present constituted, are^ 
besides the three gentlemen just named : Mr. Charles J. 
Alford, Mr. George A. Ferguson, Mr. Benedict Kitto, 
Mr, Walter McDermott, Mr. James Mactear, Mr. 
Edward Riley, Mr. Edgar Taylor, Mr. William Thomas, 
and Mr. Claude Vantin; the Honorary Treasurer is Mr, 
Arthur C. Clandet; the Honorary Secretaries are Mr, S. 
Herbert Cox, Mr. Percival Fowler, and Mr. C. Algernon 
Moreing ; while I myself, as retiring President, become an 
ex officio member of the Council. I may perhaps point out, 
for the information of those who are not aware of the 
change in the honorary secretaryship, that Mr. Geoi^ A. 
Ferguson, having resigned, it was deemed expedient by the 
Conncil of the Institution to have three honorary sofSK- 
taries, for the simple reason that, owing to the precarious 
mode in which mining engineers have to gain their living, 
it is quite possible that one or two of them might be absent 
at the same time. As regards the accounts, t may mention 
that, owing to the unfortunate illness of our late Honorary 
Secretary, which has, unhappily, proved of rather long dura- 
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tmst^ however, tbat they have been successfully overcome^ 
and, haviug acted in some degree as nurse to the Institu- 
tion since its commencement, I trust that I now leave in 
your hands, on retiring from the chair, the control of a 
robust and sturdy in&nt. Our thanks are due to Mr. Greo. 
Ferguson, our late Honorary Secretary, for the great time, 
trouble, and labour which he devoted to its success ; and 
also to the proprietors of the Mining Journal, for the 
hospitality they afforded to us during the earlier periods of 
our career. In introducing my successor to the chair, I 
think it a happy idea that one so well versed in metallur* 
gical science as Professor Huntington should take the 
Presidency of this Institution, and I think it is also desirable 
that in future, in accordance with the name and spirit of the 
Institution, the President should be selected alternately 
firom the branches of mining and metallurgy. Again 
thanking you for your kindness in the past, and wishing 
you all and every success, I beg to introduce to you my 
successor, Professor Huntington. 

Mr. Seymour then vacated the chair in favour of the 
new President. 



PRESIDENTIAL ADDRESS. 



Bt Paot. a, K. HDHnHQTON (PregidentJ, 
Gentlemen — No president worthy of the name and its 
traditions ever began an address without an excnse and 
an apology from him for his and its shortcomings. Donbt- 
less mindful of thin, and wishiog to do me special honour 
by afEordii^ me an opportunity of " maximising " the 
excuse, and thereby minimising the apology necessary, the 
Council kept me in the dark until within a mouth of now 
of its intention to elect me President of this iDStitatiou. 
Whilst I am obliged to the Council for the honoar it has 
done me, on the whole, I should hare preferred to have 
had a little less opportnuity for excuses, and a little more 
time in which to collect ideas and suitable materials upon 
which to base my remarks to yon. For, although I hare 
thus far Bpoken lightly, I feel deeply the great responsi- 
bility I have undertaken. The thought that I should be 
President for this year had never entered my mind. I had 
looked upon it merely as a remote possibility of the dim 
future, which might safely be ignored for the present. We 
are all slow to learn that we are, to a great extent, but the 




( 155 ) 

Is THI iKSTiroTIOV NSCISSABT ? 

I may^ perliaps^ be allowed to go one step farther back, 
and put the question : Is this Institution necessary T For 
it is possible to haye potential energy which is not required 
where it is found. Such is the case^ unfortunately^ in this 
small island ; the labour market^ in fact every callings is 
overstocked. Yet for this potential energy there are plenty 
of outlets possible in our great colonies^ if only, in 
electrician's parlance, " good contact'' could be made, and 
^* a connexion " established. 

Is, then, this Institution required ? That it exists does 
not necessarily argue that it ought to exist, or is capable of 
doing good work. If, however, on reviewing our position, 
we decide in the affirmative, then let us one and all put our 
shoulders to the wheel, and lift ourselves out of the quagmire 
of uncertainty surrounding the early steps of every institu- 
tion into a moi'e elevated position of assured success. I do 
not for one moment wish you to understand that I consider 
there is any doubt as to our having already achieved a great 
measure of success. There can be no doubt about it, but 
much remains to be done. 

Thb Inauoubation of the Ibon and Steel Institute. 

It may encourage us and guide us if we look round and 
note what has happened in the case of others who have 
been somewhat similarly circumstanced to ourselves. Take 
the Iron and Steel Institute, for instance, which was 
established in the year 1869, with, up to a certain point, 
the same objects as we have in view, only limited to those 
who are engaged in the production and manipulation of 
iron and steeL The iron and steel industries far surpass 
all others of the same class in this country ; in fact, it is 
no exaggeration to say that they have mainly contributed 
to make the British Empire what it is. Yet one year more 
has to run its course before the Iron and Steel Institute can 
boast of the small span of existence comprised in a quarter 
of a century. 

^^The Iron and Steel Institute started under the most 
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bTOnnble anepioes. It h»d for its first President the late 
Duke of Devonshire, a man of exceptional ability, who was 
no mere figurehead ; his address was highly technical, and 
characterised by a clearness and oompreheiiBion of Gie 
snbject which conld hardly be anrpassed. The late Earl 
Granville was also one of the first members enrolled, and 
he took am active interest in the Institation as long as 
he lived. 

The Dake of Devonshire, in his address, remarked tiiat 
"The advantages of mntnal co-operation among those 
engaged in a common parsnit, whether scientific or practical 
in its character, are so manifest that to enlarge opon a 
proposition, the tmth of which is aniversally admitted, 
wonld be a needless waste of yonr tima" And farther on 
he said : " To anyone, indeed, who possesses a general 
knowledge of the enormous scale on while this mannfactnre 
is now carried on, and who is, at the same time, awu-e how 
important is the aid which chemical science has already 
shown itself able to render both towards a tme under- 
standing, and towards the improvement of the processes by 
which the raw ores are converted, and how essential are the 
services of mechanical science in the varioaB applications of 
the mannfactared products, it mnst be a matter of snrpiriiie 
that an institation of this kind has not been long ago called 
into existence." The President made no attempt at ez- 
planatioa. but be added the significant remark that: "The 
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'^ Iiad become our saperiors in practical aad scieatific skill/ 
This statement was sabseqnently refuted by certain well 
qualified persons^ who made a careful examination of the 
continental works. Amongst them was Mr.^ now Sir, 
Xiowthian Bell, who reported that *' If the distance which 
separates us as ironmasters from foreign nations has 
diminished in recent years, this circumstance is rather due 
to the vigorous manner in which we have been followed, 
than from any want on our own part in leading the way/' 
Looking back we see that these words very accurately 
described the position of alEairs. 

The South Wales Institute. 

The scare they had had made those concerned in the iron 
industries realise fully that they must strain every nerve 
in order to prevent the extent of their lead being seriously 
diminished. The iron and steel industries of this country 
had jog-trotted along for several centuries an easy firsts 
and it is much to their credit that they realised even 
so late as they did the advantages which would result 
from co-operation on a national scale. In this connexion 
it is interesting to note that local co-operation in the 
industries in question had been initiated many years before. 
And what was the incentive ? Why, the struggle for 
existence ; the realising that to survive they must accom- 
modate themselves to altered circumstances. Then 
competition was not between this country and foreign 
Inations, but between one part of this country and another. 
Thus, in 1857, the South Wales Institute of Engineers 
was formed, twenty-two years before the Iron and Steel 
Institute. The first president was Mr. Menelaus, the 
manager of the great Dowlais Iron Works — ^a man whose 
name is probably little known to the rising generation^ 
but who contributed largely to make the iron and steel 
industries of this country what they are. The chief reason 
Mr. Menelaus gave why they should co-operate was that 
they were losing ground from the exhaustion of their 
cheaply worked minerals, and that the cost of labour was 
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inoTMBing, wltich would neceasitate the Bobatitation of 
maoluneTy. The Institnte wbb tonaed, he said, to help 
ihem to compete with their more favourably placed 
neighbonrs. That was thirty-seven yean ago, and the local 
ores have since practically been exhaasted; bat not the 
vitality of the andertaking, one of the largest of its kind. 
Determined to remain at the front, by keeping pace with 
the reqnirements of the times, under the able management 
of Mr. E. P. Martio, they have recently boldly moved the 
plant from Dowlais, and rebuilt the works oa the most 
modem plan at the port of Cardiff, where a plentiful 
supply of imported ores can be obtained, and the expense 
of railway carriage, always very great, be got rid of. 

Thus we see that it was stress of circamstances which 
originated both the South Wales Institute and the Iron and 
Steel Institute : in the oue case local, in the other uationaL 
The progress in the iron and steel industries in the last 
twenty-five years has been extraordinary, and I have no 
hesitation in saying that a large share of it is due to 
the existence of the Iron and Steel Institnte. The members 
of those industries are no longer working gainst one 
another in a very narrow spirit, being afraid to confide 
their ideas one to another lest thoy should give a competitor 
an advant^^. All this narrowness has disappeared, and 
now members visit one another's works and discuss every- 
thing concerninp; them at every opportunity. The interests 
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conntry Has occapied in the trade of the world. Others 
straggled for the mere crambs^ and it was some time before 
wo realised what a large share of the whole loaf these 
crumbs might come to represent. This inertia has pervaded 
the whole industrial policy of our country. The Society of 
Chemical industry only came into existence in 1881. The 
Continent had long had numbers of technical journals. We 
had next to nothing, and it often happened that important 
information about an English invention first reached us in 
the form of an abstract from some foreign journal. 

Professor Sir Henry Boscoe^ in the first presidential 
address^ said : *^ We have heard much lately about foreign 
competition^ or even the decay of English manufactures. 
That foreign competition should become year by year keener, 
and that we who have led the way^ and had the advantage 
of the start in the race^ should feel this competition can in 
no way surprise us. That English manufacturing skill is 
on the wane^ or that the inventive genius of the people is 
dying out, I, for one, do not believe. Only let the English- 
man know what he really needs, and he will soon take care 
that he gets it, be that need an increased technical or edu- 
cated skill, or a wider diffusion of the knowledge of the 
scientific principles. To assist in this direction, and so 
enable us more satisfactorily to meet the inevitable increase 
of foreign competition, is one of the objects for which this 
society has been founded." To the credit of this societr, 
be it said, once started, they have thoroughly well done 
their work. 

There is something deliciously naive in Professor 
Boscoe's remark that you have '^ only to let the Englishman 
know what he really needs, and he will soon take care that 
he gets it.'* Exactly ; you have *' to let him know ; '* he 
will not foresee for himself. The only way of '' letting him 
know'' is to put your hand in his pocket; but he never 
realises the actual state of affairs until your hand is, as the 
saying goes, on his purse strings, then he begins to take 
steps to protect himself, and by means of the great 
national wealth pulls through somehow or other, but not 
unscathed. 
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Emguns's Colohul Pouct. 
As having an important bearing on the mining and 
metallnrgical industry, another case of great want of 
national foresight may be instanced. I refer to onr colonial 
policy — if policy it can be called — for it has consisted of a 
masterfnl rather than a " masterly inactivity." Yet the 
position of our conntry, now second to none the world has 
known, mnat in the near future be determined by its rela- 
tions to its colonies and dependeociea. This is seen by all 
at home who are not immersed np to the eyes in petty 
party politics blinding them to all else. Other nations are 
not only fast tending to supply the greater part of their 
own requirements, but are even trying to oust us in onr 
own colonies. 

The foresight np to the present has all been on the part 
of the colonies themselves. The building of the Canadian 
Pacific Bailway — take but one instance— will be a lasting 
memorial of the enterprise and sagacity of their leaders. 
It is they, again, not we, who are taking active steps to 
brace the British empire round with the only bonds which 
can ensure its ezistence and continuance ; direct and cheap 
communication throDghoat by rail and steamer, and by 
telegraph and cable. 

The Empire may be likened to the human body, the 
means of transit corresponding to the arterial system, 
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colonies. Perhaps after all, then, it was not the destiny of 
this conntry to form the British Empire^ but only to occupy 
the position of the head. Bnt^ if I may be permitted to 
carry the simile a little further, it must not be lost sight of 
that although the head, through the brains, cannot make 
the general arrangement and shape of the body different 
from what they are^ yet it may^ and does, determine the 
yigour and rate of growth of the body. It may stunt 
growth, and even induce premature decay. The relation of 
the head and body to one another must, in fact, be such 
that the body may freely and fully develope, otherwise the 
head itself must decline in power from the want of 
nourishment which the rest of the body alone can supply 
to it. 

And what, it may be asked, has this to do with us as 
miners and metallurgists? This: that in this country, 
mining, for anything except coal, ironstone, and tin ore, 
has dwindled to such small proportions that it may practi- 
cally be ignored, and it is mainly in our colonies that the 
members of this Institution are called upon to practice their 
profession, for the great industry of. coal mining is not 
intended to come within its scope, and it is on materials 
obtained from our colonies that those metallurgists who 
stay at home must practice their art and science. 

Facilities of Intbr-Gohhunication Necessary. 

In considering whether mining will pay or not, the cost 
of transit is unquestionably the prime factor. It is, there* 
fore, of the utmost importance to the members of this 
Institution that facilities for inter-communication in and 
with the colonies should be increased and cheapened in 
every way possible, and with as little delay as may be. 

A country may contain great mineral wealth, the 

indications of which are well defined, and the localities 

known to many an explorer, and parts of it may be in the 

highest degree suitable for agricultural pursuits, yet is 

such a country as useless as the unirrigated desert of Sahara 

now is until it be brought into touch with civilisation by 

11 
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railways and telegrapli, the Tn*^"g of the material £or 
which alone supplies with the neoessariea of life hnndredQ 
of thoaaands of those who otherwiee would be starving 
tUen and their families here at home. 

All honour, then, to such men as Cecil Rhodes, who 
not merely realises the reqoirements of the times we live 
in, but boldly meets them, whilst our politicians at home 
spend the greater part of their vital energies in wrangling 
over the special form of " Home Rale for Ireland," im- 
mindful that Ireland is in point of mineral wealth and 
suitability tor agriculture and horticulture vastly inferior 
to our possessions across the great seas, now, thanks to the 
progress due to the practical applications of science, but 
a few days separated from us. Of these vast conntries, 
with their rapidly increasing populations and enormons 
potentialities they take bat little, if any, note. In speaking 
f^us I mean no disrespect to Irishmen, who certainly are 
not responsible for the geological structure of their country, 
and who on the field of battle bare done this nation sncE 
splendid service. It is strange that even in onr common 
langu^;e we cannot be reconciled with Ireland. We hare 
no word to express such unity. When we would speak of 
English, Scotch, and Irish colleotiveiy as one nation, we 
have no word at our command. li we say Englishmen, 
the Scotch not unreasonably object that their great share 
in the afiairs of the Empire is not recognised by this term. 
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tives. Result: 17,000 miles of railway in a vast coiizjitrir 
containing 250,000,000 inhabitants. The United Statq^. o^ 
America, with about one fourth of this population, hssjm 
^mes the extent of railways^ What will such a state' of 
things end in ? Who can say ? It is true some money has 
been spent on irrigation, but that spent with the least 
grudge has been on defence against attack from without. 
May not the attack ultimately come from within ? Who 
shall say ? 250,000,000 people, slowly breaking with their 
old traditions and passing to a new condition of things 
under the ever- watchful eye of the agitator, ready to exploit 
them and mould them to his ends at every turn. 

In Imperial matters do we not misjudge the relative 
importance of things ? We seem to rate their importance 
by their nearness to this country in actual mileage, forget- 
ful that science is annihilating distance. Our policy has 
hitherto been Empirical not Imperial. Let us hope that 
the dawn of greater things is heralded by two of the 
greatest figures on our political horizon — Lord Salisbury 
and Lord Bosebery. 

The Imfebial Institute. 

Another hopeful sign of the germination of a broader 
Imperial policy is the formation of the Imperial Institute, 
due to the Prince of Wales, who has ever shown himself 
active and farseeing where the good of this country and the 
Empire is concerned. The difficulties attending the orga|ii- 
sation of such an institution are very great. Let us hope 
that the well-known powers of its Secretary, Sir Frederick 
Abel, himself an accomplished metallurgist, and the assist- 
ance rendered by so many of the leading men of the day, 
will give such results as were foreshadowed at its inaugura- 
tion. As a sign of the times it may be noted that the 
social side has not been neglected in the plans of the 
Imperial Institute. It is, indeed, only by bringing men 
together that they come to know^ understand, and 
appreciate one another. Asperities and ill-feeling are 
softened down, and harmony and good feeling result, which 
are more important factors in the progress of a community 
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tbaa an the legislative measarea ever deviaed. And this is 
one o£ the prime objects of our own inatitiition : Goodffalloir- 
ship. If only we can accomplish this, much will follow. 

We have seen that the iron and steel indaatries hare 
th^r InstitatCj and the coal indostry has many scattered 
throughoat this country ; bnt now, with great advantage to 
all, anited for the purpose of pablication under the title of 
the Federated Institutioa of Mining Engineers. 

Perhaps, inspired by the example of an older and 
greater institution, which has, on more than one occasion, 
been oblivions of the fact that it has already well-defined 
and important duties to perform, the Federated Institute 
of Mining Engineers has overstepped the bounds of its 
legitimate sphere— all that appertains to coal and coal 
mioing — to endeavour to attract to itself papers which 
come within the special province of the Institution of 
Mining and Metallurgy. I would respectfully submit that 
there is ample work for all, and that the objects which 
naturally centre in each institotion would be better served 
by each confining its attention to its own. 

The Ikstitdtion of Mmnia and MBTAtLUBOT. 

Mining engineers and metallurgists in this country, 

other than those dealing with coal and iron, had not, 

until the Institution of Mining and Metallurgy was 

established, a central institutioa to promote their interests ; 
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to-day^ when we find that the Iron and Steel Institute 
numbered amongst its earliest adherents most of the well 
known mann&cturers ; in fact, within a short time of its 
starting, I question if there were any of importance not 
on its rolls. Yet^ I doubt if amongst our own members 
we have to-day one single manufactnring metallm^*. 
They have remained untouched till now by that vitalismg 
and invigorating influence — severe competition. In &ncied 
security they slumber at the wheel, whilst the ship draws 
slowly but surely to the rocks. 

The ores of copper^ lead, silver^ zinc^ bismuth^ antimony^ 
nickelj and cobalt are practically nearly non-existent in 
this country. They are imported from all parts of the 
worldj often as ballast^ when there is no other return 
cargo. 

Those who mine these ores are much at the mercy of 
the buyers^ who, being few in number, combine together 
and regulate the market for their own ends. The ^'ring'^ 
which encompa^es their interests is cunningly devised, 
and ihere is little fear of its being broken through 
from within or without by any one at home, but a 
mde awakening is preparing for tiiose who continue to 
slumber. 

The Ambbican Institute of Mininq Enginxbes. 

Outside the charmed circle a great power has arisen and 
developed with the rapid and elastic step of vigorous youth 
and this power — I refer to the United States of America, 
which possesses within its bounds extraordinary mineral 
wealth — ^is destined to eclipse the Old World in matters 
metallurgical. In America the mining engineers were some 
of the first to join togeth^ under the title of the American 
Institute of Mining Engineers for mutual assistance and 
support. They knew they had all the world to fight, and 
they went the right way about it, spurred on by competi* 
tion rather than deterred. Their Institution came into 
existence 22 years ago— only two years after our Iron and 
Steel Institute, before which, be it noted, they had formed 
an Iron and Steel Association of their own. 
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The American Institate contains manafactorers; engi- 
ne^, metallurgists, all working to a oommon end. They 
hold meetings in different parts of America, they hare met 
in Canada, and a large hody of their members recently 
Tiaited Europe. In fact, they work on the same lines as 
bnr Iron and Steel Institnte, bnt include boUi the work it does 
and that which we have Bet ourselves to do. It is a great 
institution, admirably managed, and the ^nvordinary pro- 
gress which America has made in the last twenty years in 
metallargy and mining is in no small degree dae to its in- 
fluence and that of the Engttuering ^ Mining Journal, 
which baa worked side by side with it. The spirited 
policy of this latter jonmal cannot be too greatly praised or 
its example too soon followed. The new departure it baa 
made in publishing an annual rolnme, entitled, "The 
Mineral Industry, its Statistics, Technology^ and Trade," 
in which the mineral statistics for the whole world are 
accnrately given ns, within a short time after the close of 
the year is a condition of things quite unprecedented. Th^ 
enterprise in pnbbshing this volume, which also details up 
to date the progress made in all branches of metallni^y and! 
mining, is worthy of tbe fullest recognition and encourage- 
ment. It is also from the hands of the United States of 
America that we have recently received books on copper, 
lead, end iron and steel of the greatest practical valne. Mr. 
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When^ with tlie development of their shipping, marked signs 
6f. which are apparent, we shall find oarselves engaged in a 
hard struggle for the carrying trade of the world, which 
has so long been onrs that we have grown to look npon it as 
our birthright^ which it would be sacrilege to rob us of. 
Then will much of the mineral wealth which has hitherto 
gravitated to us go to feed the furnaces of the rapidly 
growing establishments of the United States. 

Yet these things need not come to pass if we would 
but hasten to consolidate the Empire, and work together 
with one aim and object — to remain the Greatest Power 
on Earth. 

Notwithstanding' that the City of London, the financial 
capital of the world, has supplied the means for most great 
mineral undertakings, there has been no adequate co- 
opera,tion amongst those concerned to protect and control 
their interests. Such duties might be expected to devolvid 
npon the London Chamber of Commerce. That they ate 
not unaware of their responsibilities is evidenced by the fact 
that they have a section for mining, but this section exists 
only in name—a paralysed and lifeless limb, much requiring 
to be galvanised into activity. Will it continue to sleep 
the sleep akin to death till the interests it was created to 
serve suffer irretrievable decay 7 

Their great mineral wealth and the compactness of the 
country give the United States a considerable advantage 
over us in the education of metallurgical and mining 
engineers. Everything is in touch there, and money is 
freely spent on education. In this, as in other matters I 
have referred to, they are fast leaving us behind, and we 
must expect to find their engineers competing with our own 
in fields which should be occupied by ours alone. Are not 
the most important nickel mines at Sudbury, Canada, 
owned and worked by Americans, and many iron mines, 
too ? And may not a great mining financial centre arise in 
New York in competition with our own ? 

All these things may come to pass, and more ; yet it 
need not be, if we will but arouse ourselves before it is too 
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late. In adtmniBtrBtion, onr watchword must be oi^>aai^j 
organise, oiwuiise j and in edncation, endow, endow, endow. 
In the same way that the Institution of CiTil Engineers has 
exerted a great and beneficial inflaence on those following 
that profession ; so should the Inatitntion of Mining and 
Metallurgy in its own special sphere of action do in- 
calcnlable good. It is my earnest hope and belief that the 
Institution of Mining and Metallni^y will in the coming 
struggle gire to our profession that strength and support 
which alone resalta from a firm anion of hearts and minds. 

It is given to few to speak with the polished diction 
pf our late President, whose address has been happily 
described as " luminous." If light there be in my address 
to yon to-night, it is rather the phosphorescent glow which 
sometimes results from the stirring up of stagnant waters. 
Hay the rising tide of public opinion sweep all stagnation 
before it, and the prosperity of the British Empire, witb 
which onr interests are oo-extensire, flow on unimpeded bx 
ever increasing volume down through all time. 



Mr. CuuDB Yautiii : I think it very seldom falls to tha 
lot of members of any institution to listen to such an 
exhaustive, comprehensive, instructive and clever address 
as the one which we have .just beard. We have learned 
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institution as tUs^ especially in mining; and, as most 
mining engineera and metallurgists are constantly called 
abroad, such a consolidation of oar colonial interests is 
necessary to the success of the profession. In one respect 
I thought Professor Huntington might have enlarged on 
the sphere of usefalness of this institution. My life has 
been mostly spent in the service of inorganic chemistry, 
and when one has conducted a research in this domain^ one 
may describe the actual scientific results to the Chemical 
Society, but hitherto there has been no society to which the 
practical results could be communicated^ and before the 
foundation of this Institution there has been no audience 
before which one could go into such details. The Society 
of Arts might take a certain interest in these things, but 
practically they are too broad for a subject like metal- 
lurgical mining, so that in this respect I think this Institu- 
tion is an extremely useful one. What was badly wanted 
was a body of men to whom one could go and lay before a 
thoroughly critical audience any application of the scientific 
principles which one has perhaps already explained to 
chemists. I second with the greatest pleasure the vote of 
thanks to Professor Huntington for his address this evening. 

The motion was then carried by acclamation. 

The President : I thank you very much, gentlemen, for 
the kindly way in which you have received my address. 

Mr. Pebcival Fowleb then proposed a vote of thanks to 
the retiring President for his services, which was seconded 
by Mr. J. H. Collins, and cordially adopted. 

Mr. Seymoub, in reply, said : I am very much obliged to 
you for the kind way in which you have spoken of me. It 
is true that for a good many years I devoted a great deal 
of attention to this Institution, which at one period almost 
threatened to be received as a foundling, owing to the want 
of legitimate parents. I am happy to say that any such 
stigma on its character has long since been removed, and I 
feel sure that under the vigorous guidance of your able 
President and the other members of the Council it will 
continue to flourish, and prove a great and lasting success. 
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FIFTH ORDINART MBETINa. 



Thi Fipih Obdikabt MisTiHa of the Third Seeaioii was held 
OD Wednesday erening, April 18, 1894, in the Lecture 
Theatre of the (^logical Mnsetiin, London, S.W. 

Professor A. K. HinrriHaTON (President) occnpied tho 
Ohwr. 

The StCBXTABT having read the minntes of the last 
meeting, which were dnly confirmed, 

The Ch&ibuah sud he was aony to annoance that Mr; 
Garland was too nnwell to attend the meeting in order 
to reply to the discassion on his paper on "Nickel Uining 
in Kew Caledonia." He wonld therefore call apon Mr. 
Hannay to read a paper on " The Metallurgy of Lrad." 
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ON THE METALLURGY OP LEAD. 



By J. B. Hannat (Member). 



Haying been engaged daring the last seven years in the 
study of the treatment of lead ores, it became apparent 
very ^urly in my work that the accepted explanations of 
the chemistry of lead smelting did not accord with the 
observed facts: so a systematic study of the matter was 
entered upon^.and notes gradually accumulated^ which have 
at length formed a complete explanation of the phenomena 
observed ; and I now venture to bring these results under 
the notice of the members of the Institute of Mining and 
Metallurgy. In order that the multitudinous facts may be 
classified, I have divided the work into the following 
sections: — 

1. The Eolations of Lead and Sulphur. 
2* Specific Gravity of Sulphide of Lead. 
8. Methods of Analyses. 
4. Furnace Be-actions of Lead Compounds. 
.5. Lead Smelting. 
6. Proposed New Metallurgy of Lead. 

As Percy gave very minute attention to this subject, 
and epitomised our knowledge of the Metallurgy of Lead 
at the time of the publication of his work, and as very 
little seems to have been done subsequently, I take his 
volume on lead (1870 edition) as a guide in discussing the 
theories then held. 

The present memoir is an attempt to elucidate this 
subject by an experimental investigation of the varioud 
re-actions; and the discovery of some intei*esting com- 
pounds has enabled ine to throw some light on the furnace' 
re-actions of lead. 
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As the smelting of lead Bolphide is attained tfarong^ 
the bnniiDg ont of a portion of the Bolphnr, it waa 
necessary, in the first place, to examine the " sapposed 
sab-solphides of lead," as Percy calls them. It waa 
fonnd that when any compound of snlphnr and lead with 
less enlphnr than the mono^nlphide was fused, it wm 
impossible to poor two samples of identical oompoBitioo. 
When the melted "sab-SDlphide" was allowed to cool 
■lowly, and samples poared at intervals, there was great 
TuiatioD in the amount of solphnr — those samples poared 
at the lowest temperatnrea containing the smaUest propor- 
tion. It then became clear, that the reticence and 
indefiniteness of the standard works on the sabject of the 
lower solphides of lead arose from the fact that no snch 
snb-sulphides exist; bnt that all solphnr componnda 
containing less than the theoretical amount of solphnr 
required to form PbS, are mixtures of the mono-snlphide 
and metallic lead. 

As all fireclay and plumb^o crucibles absorb Uie 
melted galena and its products of oxidation, the final 
experiments quoted in the following pi^es were conducted 
in porcelain cmcibles, placed as a lining inside tbm 
" salamander " plumbago crucibles. 

After many experiments it was found that any com- 
pound of lead and sulphur may be fractionated (by allowing 
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a compound of 7*17 per cent., was melted, allowed to 
partially crystallise, and parted as equally as could be 
judged, and yielded : 

253 grms. containing 8*29 per cent, of sulphur 
and 240 .. .. 5-79 



fi 



Higher portion 253 grms. yielded: 

108 eontaining 7*14 p. cent solph. 
87 „ 962 ,. 

Higher portion 87 grms. yielded: 

50 oontaing. 8*21 p. cent, snlph. 
85 ^ 10-81 ., „ 

Higher portion 35 grms. yielded: 

25 oontaing. 9*36 p. cent sulph. 
r „ 12-27 „ „ 

Highest^ 12*27 per cent, of sulphur. 



Lower portion 240 grms. yielded: 
135 containing 0-84 p. cent, sulph. 



98 



»» 



4-20 



»t 



9t 



Lower portion 98 grms. yielded : 

55 containing 5-27 p. cent sulph. 
39 „ 1-84 ,. „ 

Lower portion 39 grms. yielded : 
8 containing 8* 10 p. cent sulph. 



28 



ft 



000 



»» 



»» 



Lowest, metallic lead. 



From the above we see that it is possible to fractionate 
a compound of lead containing less sulphur than the mono- 
sulphide into its two ultimate products, lead and its mono- 
sulphide, because^ although the highest proportion of sulphur 
obtained was 12*27 per cent^ it is impossible to melt mono- 
sulphide (except under extreme precautions^ which in this 
preliminary stage of the enquiry were not used) without 
volatilising or burning oS about one per cent, of the 
sulphur^ so that the above 12*27 per cent, compound really 
represents the mono-sulphide. It is apparent from this 
experiment that in the liquid state the compounds Pb^S 
and Pb^S have no existence, but it remained to determine 
whether or not all compounds of lead containing less 
sulphur than the mono-sulphide are mixtures of that body 
with metallic lead, or whether there exists an infinite series 
of sulphides of lead — the metal arriving at saturation on the 
proportions of the mono-sulphide being reached. An in- 
teresting experiment showing the above fractionation, but 
conducted by a single experiment, may be performed as 
follows : A mixture with about 5 or 6 per cent, ol sulphur 
is melted at a bright red heat, removed from the furnace, 
but kept from cooling too quickly, while the contents of the 
crucible are made to assume a rapid centrifugal motion by 
a movement of the arm. By this means the sulphide^ as it 
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comes ripe for cryBtallisatioiij is caused to adhere to tlie 
sides of the crnoible, and tlie lower sulphide componods. 
remain liqaid. If the ceDtrifagal motion be kept ap snffi- 
cienUy violently, high sulphides are separated oat as soon 
as formiad, and the ceutrat liquid portion is thus gradually 
robbed of its sulphur, and finally metallic lead ia left. For 
instance, 100 grms. of a 5*5 per cent, compouud yielded in 
Ihis way 50 grmB. of hard Imd oontoiniug only about 0*05 
per cent, of sulpbur. This was re-melted and yielded by a, 
similar centrifugal treatment 20 grms. of pure soft lettdt 
leaving 30 gnus, of hard lead and dross. This, again 
treated, yielded 17*5 grms. of soft lead and 12*5 of hard 
lead and dross which was not farther dealt with. 100 grms. 
of a mixture coutaining 8*7 per cent, of sulphur when 
fractionated with as violent centrifugal motion as the hand 
oonld give yielded only a few drops of hard lead weighing 
S'5 grma. containing 0*88 per cent, of sulphur. 

So rapid is this separation into higher and lower 
sulphur compounds, that it is impossible to ponr a portion 
into the hemispherical cavity of an assay mould without 
separations taking place of such an extensive nature as to 
render any analyais of the sample utterly nntrustworthj, 
unless the whole sample is pulverised and intimately mixed 
before aoalysis. Below is a diagram represenHng a seotion 
of the batton of an 8 per cent, compound poured into an 
assay mould. 
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2. Spicino GBAYirr of Lsad Sulphids. 

When galena is melted in air^ a portion of tlie sulpliur 
is bnmt off, but it was fonnd quite easy to prevent this by 
melting the galena with some sulphur, while covered over 
with charcoal 

Artificial galena was fonnd to be identical with the 

natural mineral, but the specific gravity of both varieties 

varied in an unaccountable manner nntil it was discovered 

that it is impossible to bring pulverised galena into contact 

with water, much less to boil it (as in specific gravity deter- 

ibinations), without oxidation taking place. The oxidation 

lowers the specific gravity. When the determinations were 

conducted in benzine all irregularities disappeared, and the 

specific gravity of pure galena, whether natural or artificial, 

was found to be 7.766. Mere warming of the pulverised 

galena in the water bath to drive off benzine, caused 

oxidation sufficient to lower the specific gravity by 0.05 
each time. 

In order to determine, by specific gravity determinations, 
whether or not any combinations (however weak) existed 
between the PbS and the Pb in the lower sulphurised 
mixtures, a series of hypothetical compounds Pb^Sj, PbsS^j 
PbgS, Pb^S, and Pb^S, were prepared by melting the 
necessary amount of pure lead and galena, then violently 
agitating and pouring the mixture into a cold steel mortar. 
Although so suddenly chilled, it was found that consider- 
able separation had taken place, the layers in the cruciblu 
varying in composition. The entire samples were reduced 
to powder^ and their specific gravities determined in 
benzine. 

I have tabulated the figures obtained along with 
calculated results. In calculating these specific gpravities, 
Deville^s value for lead (11 .254) was used :— 



' 


Per cent. Solphor. 
Obtained. Calculated. 


Spedfic OntTity. 
Obtained pbfadned ^^ ^^^ 
inBenzue. in Water. ™*"~ 


PbS 


18.40 13.415 


... 7.766 7.585 — 


Pb,S, 


10.32 10.41 


... 8.61 8.19 8.547 


Pb,S, 


9.29 9.862 


... 8.79 8.57 8.820 
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Per cent SolpIiiiT. Spnufio Oravitj. 

PbjS 7.18 7.191 ... 9.86 9.09 9.384 

PbjS 4.89 4.911 ... 9.93 9.74 9.977 

Pb,S 3.71 3.729 ... 10.25 9.97 10.284 

The BnmberB repreaentiog tlie speoifio gravities, as 
obtained in water, are the means of a large namber of 
determinations, as I had repeated the operation t^ain and 
again^ owing to the discordant results, before I tried the 
Benzine method. 1 then obtained constant results. These 
results show that the supposed subsnlphides are simply 
mixtures of the monosulphide with metallic lead. 



3. Methods of Akalybis. 

An examination of the methods of analysis was made in 
order to find an accurate and speedy method of estimating 
both the lead and snlphnr in the same weighed portion. 

A method of oxidation was sought which would 
speedily yield a pure sulphate of lead from the sulphide, and 
the following was found to be saccessfnl, and to prevent 
the separation of snlphnr. 

Strong nitric acid is gently warmed in a beaker, and a 
few crystals of KCIO3 added, and the whole covered with a 
glass plate. When the liquid has become dark yellow by 
the decomposition of tlie chlorate, the pulveriaed galei 
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always contained lead, from which it was impossible to free 
it, while some of the barium sulphate was retained in solu- 
tion by the lead salt, and so passed into the filtrate. After 
a few hours it gradually precipitated along with some lead. 

It was also found that when it was attempted to convert 
the sulphate of lead into carbonate by boiling with a solu- 
tion of alkaline carbonate, a portion of the lead was soluble 
in the alkaline solution, and so passed into the filtrate 
along with the sulphates of the alkali metals, so that in 
neither case was there complete separation of the lead and 
sulphur. The following process was finally devised^ and 
was found to yield reliable results for determining both lead 
and sulphur in the same sample. 

The galena or subsulphide of lead was oxidised by the 
chlorate mixture already described, nsing 10 c.c. of strong 
nitric acid to 1 grm. of galena. The mixture evaporated 
to dryness, and 2 grms. of pure sodium carbonate added 
with some water. The mixture was boiled for a few 
minutes to convert the whole of the lead into carbonate 
and then cooled, 2 grms. of sodium bicarbonate added, and 
the mixture allowed to digest in the cold for about a 
quarter of an hour. 

It was found by this method that the lead which had 
become dissolved by the carbonate of sodium was thrown 
down by the addition of the bicarbonate, so that, on 
filtering, the whole sulphur passed through as sulphate 
of soda, while the lead remained behind on the filter as 
carbonate, and was weighed as sulphate. Care was taken 
that the amount of water used in this digestion was in- 
8u£Scient to dissolve all the sodium bicarbonate, so that 
on washing the lead on the filter with cold distilled water 
the sodium bicarbonate was gradually dissolved away. 

By these means the complete separation of sulphur 
and lead can be effected. 

The carbonate of lead on the filter is dissolved in dilute 
nitric acid and precipitated as sulphate, while the sulphur 
is estimated as BaS04 i^ the ordinary way. 

Most of the analyses given in this paper were done by 
this method. A method that ^as sometimes used when the 

12 
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proportions of lead and Bulphnr approaclied that of galena 
iraB that given by Thorpe in his Handbook of Analyaea, 
which consists in suspending the snlphide of lead, very 
finely pnlverised, in caustic alkali solation, and oxidising it 
by a stream of chlorine gas. The lead is converted into 
the di-ozide, and may be heated in a porcelain cracible and 
weighed as litharge, while the sniphar passes into the 
filtrate from the lead as aalphate of soda. 

This method of separation was found to be Teiy 
accurate for galena, but as it involred the use of chlorine 
gas, and was inapplicable to lead containing little salphnr, 
it was found preferable to make use of the method I 
have ^ready detailed. 



4. Fn&NACs BuOTiOKB OF Lui> CoupomiDS. 

We have seen that the text-book information on tlie 
sulphides of lead, their specific gravities and analyses was 
lamentably faulty ; bat it is when we come to deal with 
the re-actions of lead compounds at high temperatures that 
we see how little is known about the chemistry of the 
furnace reactions of lead. 

Percy says that the chemistry of lead smelting is 
nnezplained. He gives in his book various reactions 
which will now be examined seriatim. For instance. 
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in tlim salamander crucibles, inside of whicli were placed 
porcelain capsules of the requisite size. This was 
necessary for another reason. The lead compounds adhere 
so firmly to all crucibles that it is impossible to remove the 
contents from the crucible, so it was convenient to remove 
the capsule and weigh it with its contents. 

In most cases, the contents were poured into an iron 
mould so as to be ready for analysis, and the capsule 
weighed with what adhered to it. 

The sulphide of lead used had about 1 per cent, of 
impurity, so in the first experiment 120 grams of PbS were 
intimately mixed with 151 grams of PbSO^ — i.e., in the 
proportions of half the mol. wts. This was fused in the 
porcelain capsule inside a salamander crucible in a 
Fletcher's gas furnace, and on pouring, it was noticed that 
instead of lead, there appeared to be about equal quantities 
of lead and litharge. The litharge was of a dark greyish 
colour. The residue weighed 188.4 grams instead of 206.4^ 
as it should have done, had the reaction gone as by the 
above equation. 

As a considerable amount of fume had been evolved, I 
thought that perhaps the air had something to do with the 
non-success; so although the fusion had been done in a 
well-covered crucible, it was determined to repeat it in 
nitrogeu. This was done by grinding a small plumbago 
crucible to fit in as a dome to the larger one, and passing a 
carbon tube through a hole in the top of the dome, and 
passing a slow current of pure nitrogen. The same pro- 
portions were used as before, and this time the residue 
weighed only 185 grams, showing a loss of nearly 82 per 
cent., instead of 23.7 per cent. Again it was noticed that 
a considerable quantity of lead fume was given off. An 
experiment was done with a smaller quantity, using only 
one tenth part of the above weights — ^viz., 12 PbS and 15.1 
FbSO^ which gave a residue of 18.7 grams, so that the re^ 
action seemed quite constant and independent of the mass 
used. The proportions of lead to the dark, coloured 
litharge were as 86 to 93. 

In order to see what was going on, the sulphide of lead 
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was melted in the porceT&ia capsiile in an atmospliere of 
nitrogeD, and the salphate added in little pieces and roagh 
powder, momentarily removing the cover for each addition 
of sulphate. 

Twelve grams of snlphide were melted and the sulphate 
groduallj added. Ic was seen that on each addition of 
sulphate there was a very violent evolution of snlpharooa 
acid, and a considerable amount of some lead compound 
accompanied it, and in this case the residue weighed 17*8 
grams, so that there seemed to be a greater loss by adding 
the snlphate gradually than when the two Were mixed 
before fasion. A repetition of the experiment yielded 
precisely the same results. 

It was evident that there was a very coosiderable 
volatilisation o£ some lead compoand formed in the reaction 
and an attempt was made to condense the body in tha 
following manner :~ 
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to the end of B and tlie point made to dip into canstic 
soda solution. The joints were made with silicate of Boda» 
Twenty-four grams weight of PbS was placed in the 
capsule C^ and the apparatus made up as air-tight as 
possible^ a slow current of nitrogen passed. The tempera* 
ture was raised to a very bright red heat, and the PbSO^ to 
the extent of 80 grams sufficient for the equation 
PbS + PbSO^ = 2 Pb + 2 SOg added through the tube 
F^ closing it at once after each addition. Fifty-four grams 
were used and the residue weighed 36 grams. 

It was early seen that the volatile lead compound, most 
of which condensed in the tube D was black, and on 
examining the tube when the reaction was complete it was 
found, when viewed under the microscope, to consist of 
minute cubes of sulphide of lead. Of this there was 
collected from the tube and receiver 5*5 grams, and the 
caustic soda solution, on oxidation by passage of chlorine, 
yielded BaSO^ equal to 10 grams SO3. 

It was plain from the beautifully regular crystalline 
form of the PbS, that it h|id been condensed from a state of 
vapour, so it became a question of whether the reaction had 
caused a special volatilization of the sulphide of lead, or 
whether it simply represented the ordinary volatility of the 
sulphide of lead. 

For this purpose an apparatus was fitted up as at Fig. 
II. ; but the tube E was niade to dip to the bottom of C, 
and the tube F was dispensed with. 

A quantity of sulphide of lead was melted in C, and 
nitrogen passed rapidly, so that the liquid sulphide was 
splashed about. 

Little fume was formed^ and the tube D was only 
slightly stained. By looking down obliquely through the 
hard-glass tube D^ which was only slightly softened by 
the heat, the molten sulphide could be clearly seen in a 
state of violent agitation^ with little formation of fume. On 
mixing even as little as 1 per cent, of air with the 
nitrogen, fumes rose and blackened the tube D, so that it 
Ikppeai^d that the volatility was in some way due to 
ojTfgen. 
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The experiment Tras repeated witb hydrogen with the 
same resalt, bnt the fact was noted that if hydrogen was 
passed from the time tlie orncible was cold, little fame 
resnited, whereas when the hydrogen was only applied 
after the sulphide had been ' fused, a rash of sablimate 
oame off at first and then ceased. 

The msh of sablimate on passing hydrogen after f osioa 
Iras fonnd to be dne to the formation of water by the 
hydrogen redacing some litharge which had been formed 
during fasion. 

On passing sulphar dioxide copious emission of 
fumes took place, and the sablimate condensed to a gray 
powder with a silky Inatre, ' which was due to its being 
composed of cubes. Steam also gave copious evolution of 
Bolphide, and in this case the crystals were very macb 
smaller. Carbon dioxide also cansed the Tolatilizatioa of 
the sulphide, as also did carbon monoxide. 

The cause of the fame given ofT by galena when heated 
in air now became apparent. A portion of tbe salpbor is 
bomt to sulphur dioxide, which combines with a molecule 
of lead sulphide and carries it off. This was tested in the 
following manner : air was passed slowly through 50 grms. 
of molten salphide in the apparatus Fig. II., aad the fame 
which was composed of cubes of PbS was condensed as well 
as possible, and the SO3 absorbed by caustic soda. 

lased for some time after the emission of fumes 
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sulphide always condensed in tlie npper part of tlie dome 
and did not pass into the tube D^ so that the yield always 
seems a little low. 

The temperatnre was raised to white heat and the air 
passed more rapidly when practically the same result was 
obtained. 

Lastly, the experiment was repeated at a white heat in 
a rapid current of pure oxygen when there resulted 22 
grms. of pure soft lead^ 4.5 grms. of PbO^ and 5.5 grms. of 
SOj. The sublimate which had been oxidised to sulphate of 
lead was not collected. 

From these facts it appears that the redaction is in- 
dependent of temperature, and may be represented thus : — 
2 PbS + Og = Pb + PbSg O3 (PbS.S03), and the other 
gaseous oxides^ COg, CO, H^O^ seem to form volatile double 
compounds with PbS. 

I may here mention that, reasoning from the behaviour 
of other compounds formed from a solid and a gas^ it was 
expected that by heating liquid sulphur dioxide with finely 
pulverised sulphide of lead in sealed tubes under pressure, 
the volatile compound PbSgOg would be formed. But 
lead seems always to act in the most Unexpected way. On 
heating sulphide of lead with liquefied sulphur dioxide to a 
temperature of 130** C^ just under the critical point, no 
action seemed to have taken place; but on cooling down to 
about 45** C beautiful needles separated out and crystallised^ 
sometimes stretching across the tube about i in-bore. It 
Was attempted to increase the amount of this substance by 
prolonged heating, but after 4 hours little more seemed to 
be formed. 

Thinking that the crystals might arise from a trace of 
moisture in the tube, means were taken to insure perfect 
freedom from moisture ; but still the crystals appeared, and 
in the same small quantity, the remaining sulphide appearing 
to be unacted upon. Stronger tubes were filled and the tem*>. 
perature raised to SoO*" C. It was seen that after an hour's 
heating the gas in the tube was dark brown, so it was 
thought that the volatile compound had been formed^ but 
on cooling, yellow drops of sulphur separated^ which 
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finally solidified and the orjatals again appeared in the 
liquid. 

The otjBtals tnmed oat to be prismatic salphar, and 
the brown gas snipbar r^onr, so that no volatile lead 
oomponnd had been formed, bat the reaction had been 
4PbS + SOj = 2 (PbS PbO) + S^ 

It is cbttracteristic of the unexpected manner in which 
lead componndB act that the rererso of thia action— iLe„ 
4PbO + Sg = {PbS PbO)j + SOj, does not take place when 
snlphnr is heated with PbO and SO, in a sealed tabs. When 
Bolphnr is added to molten PbO, the ozysnlphide componnd 
is at once formed, the abore reaction talcing place, yet the 
PbO is absolutely unchanged by the action of snlphnr 
dissolved in liquid SO, even when beated np to 300* C. 

The (act that the componnd only exists at a high tem- 
perature and is decomposed on cooling is so singular, and, in 
&ot, exactly the opposite of what usually occurs with com- 
pounds of a solid and a gas, which usually dissociate at higb 
temperatures — a few experiments were performed to learn 
something of its nature. 

The tube D, in Fig. II., was turned slightly up and placed 
in a tube furDoee, and SO^ passed through molten galena in 
C. The gas PbSjOj came oS freely and passed along 
through the combustion tubing D. It was seen that when 
the tube was raised to such a temperature that the hard 
glaaB was softened, the gas passed without depositing any 
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ti?fae8e gases being in contact witli the snipliide while in the 
nascent state take np the full quantity of PbS^ and so 2 
molecules of HtSO^ carry away 5 molecules of PbS. 

On passing the Pb StOf compound over molten PbO the 
compound is decomposed> and the PbS combines with the 
PbO, forming the compound (PbS.PbO)^ setting the SOtfree, 
and forming the lead member of this new group of 
compounds. 

This substance PbS.PbO plays an important part in the 
metallurgy of lead, as we will see subsequently. 

Nascent sulphur dioxide acts much more perfectly in 
forming PbSgOg than free gas passed from an extraneous 
source ; but as the temperature approaches white heat^ and, 
by passing the gas slowly^ a result can be obtained agreeing 
closely with the formula PbS302 — ie., every molecule of 
SO) combines with one of PbS. But little or no PbS is 
t&ken up by free SOg when passed over solid PbS at a dull 
red heat, but when air or oxygen is used, the SOj produced 
by the burning out of sulphur in the PbS being in contact 
with PbS in its nascent state, produces the compound, and 
a considerable evolution of fumes is the result. The dis- 
covery of this volatile lead compound affords the key to 
much that was formerly very puzzling as regards the 
behaviour of lead compounds. It shows how a substance 
which is practically lixed at a white heat in neutral gases^* 
may give off copious fumes at a moderately low temperature 
in air^ and it affords a very complete explanation of the 
extreme difficulty of condensing lead fume.t I have 

* Professor Roberts-Austen has since proved that PbS is very 
volatile in nitrogen. {Proc, Chem, Soc, No. 141, 1894.) — ^A. K. H. 

t It is very probable that the first action of air is to form a low 
oxysulphide of lead, which is sabseqaently split up, as I have lately 
discovered that it is not pure lead sulphide, bat a product containing a 
minute quantity of oxygen, which passes through the pores of the 
crucible as mentioned by Percy, and that when the sulphide is melted 
in an atmosphere of hydrogen, it ceases to pass through. Chloride of 
lead also illustrates this. When melted and electrolysed in an open 
vessel, oxygen is evolved from the positive pole instead of chlorine, 
and yet no detectable quantify of ozychloride has been formed, but the 
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Bpoken of the anbUmata coDdemdtig in beautiful oabes, but 
this only takes place when concentrated and tmmized witb 
a large volume of farnace gaa. Oa the contmry, when the 
fames are allowed to escape direct from the cmcible into 
the hot gases rising from the gas furnace, they rise 4 or 
6 feet witboat showiog more than a slight bine haze. 
Ueanirhile, the PbS is becoming partially oxidised, and 
losing its power of crystallising in the cubic or any other 
system. When it passes into the air, far enough from the 
fomaoe to become cooled, it has become so thoroughly 
mixed with other gases that it becomes visibla'as a grey haze 
of the very finest tenuity, which is the constant characteristic 
of lead fame, ao that fiuea or tunnels even a mile long do 
not suffice for its condensation. 

Having determined the source of losa in the experi- 
ments on page 180, we are now in a position to formulate 
what occurs when sulphide of lead reacts with sulphate, 
and alao with oxide. 

Amongst all the formulae gireo in chemical worka, and 
especially collected in Percy's Metallurgy on the furnace 
reactiona of these compounds of lead, there is not one 
irhich really expresses the truth. The main cause of this 
failure to arrive at any true explanation of lead reactions 
lies in the fact that tlie existence of the volatile oompoand 
was hitherto unknown. This is rather curious, inssmoch, 
: the fuming of lead has been observed and unexplained 
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is going up tlie cliimneyw Percy ultimately says that the 
chemistry of lead smelting is still unexplained. But even* 
where volatility is not in question the real truth was 
aot known* 

The only reaction given by Percy which is practically 
correct misses out an extremely important point. In 
acting upon sulphate of lead by metallic lead, the formula 
PbSO^ + Pb = 2PbO + SO3 is practically what takes 
place, yet there is a minor reaction going on simultaneously 
-^viz., PbSO^ + 4Pb = 4 PbO + PbS, and this formation 
of sulphide of lead renders the litharge obtained by this 
reaction of little use in most commercial manufactures. 

But to return to what I have named the ''Sheet 
Anchor'* of the old theory of smelting. We have seen 
that PbSO^ + PbS == 2Pb + 2 SO, does not take place, 
but that something much more complex occurs.* As a 
certain portion of the added reagent is being thrown out 
of action by volatilisation, and as changes in the reaction 
are caused by the products gradually accumulating in the 
residue and taking part in the reaction, the addition of 
PbSO^ to PbS, or vice verad, goes through a series of steps 
which also vary a good deal with temperature. Daring 
the seven years in which I have been engaged on this 
subject, I have traced all these reactions by hundreds of 
experiments, and as the results clearly establish the course 
of the reactions, but are too voluminous to quote in extenso, 
I will explain the reactions and merely quote the experi- 
ments, which are required to prove at certain stages what 
is going on. Some of these experiments have been done 
on large quantities of several hundred-weights, and others 
on small quantities in the laboratory; but all have been 
repeated many times. 

When sulphide of lead is melted in large quantity, and 
a small quantity of sulphate of lead added at a high tem- 
perature, the addition being made gradually, the following 
• ■ • 

* Ptofessor Eoberts-Aosten has since experimentally confirmed 
the fact that the equation PbS + 8PbS04 = 4PbO + 480, is 
substaatiaUy correct (Pro<f4 Chem^ Soc,,1^04 141, 1894.)— A. K H. 



c 



) 



reaction takes place. The dark-faced formnln indicate the 
Tolatile portion ; — 

{I.) 12Pb8 + PbSOt = aPtfijO, + 2Pb + 9PbS. 

It is imposBtble to obtain ttiia reaction ri^dl; true, as 
minnte portione of the snlphate react vith the lead set &ee 
before it has time to be absorbed in the remaining snlpfaide, 
and Bo litharge is prodaced, which reacts on the snlphide 
and introdoces complications. Were it not for these com- 
plicationB, the reaction would proceed just as bj the air 
oxidation of the snlphide — t.e., one-half of the lead would 
be driven oS as PbS,0„ and one-half reduced to the metallic 
state, thus: — 

(2.) 3PbS + PbSOj = 2PbSs,0, + 2Pb. 

So that as PbSgOj has the same molecular weight 
a£ PbSO^, there would be exactly double the weight volati- 
lised which was added. 

Let as see what actn^ly takes place. 

24 grms. of PbS were melted and 2.5 grms. of PbSO^ 
added, the residue weighed 22.1 grms., and 1 grm, of SO, 
was condensed. By reaction (1) there should have been 
21.4 grms. of residue and 1.07 grm. of 80, given off. 

On analysis of the remaining snlphide, the ratio of lead 
to Bulphar was as 11 to 9, as required by theory. On 
adding PbSO, to melted PbS, in molecular proportions, for 
the reaction on page 1 73, which is supposed to represent 
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heat, the reacfcion g^ave more of the yolatile compound, and 
assumed the form i-^ 

(4.) 12PbS + 12PbS04 = ePbSjOj + 12Pb + 

ePbSO^ + eSOj. 

If the capsule be at once removed from the furnace when 
the last of the PbSO^ has been added, the metallic lead 
nearly equals the amount required by the equation (4); 
but the Pb reacts on the PbSO^, giving litharge and 
sulphur dioxide, and the delay in getting the crucible out 
of the heat usually allows the secondary reaction to proceed 
to some extent. Thus, in one case, 3 molecules of lead 
had reacted, and at the moment of pouring it stood: — 

(5.) 12PbS + 12PbS04 == ePbSgOj + 9Pb + 

6PbO + SPbSO^ + 9SO3. 

24 grms. PbS arid 30 grms. PbSO^ (in all 54 grms.) 
gave 36 gfrms. residue containing 20PbO and PbSO^, which 
on analysis gave 8 grma of PbSO^, leaving 12 grms. PbO, 
and there was 16 grms. of lead. 

The amounts required by theory would be a residue 
ot S4*l containing 11*1 grams PbO, 7*5 grams PbSO^, and 
15*5 grams Pb. At these high temperatures it is difficult 
to prevent some oxidation by the air, but these numbers 
agree very closely with the formula. 

Another experiment which was carried on' till all 
evolution of SO3 ceased, when the reaction by complete 
interaction of the Pb and PbSO^ gave : — 

(6.) 12PbS + 12PbS04 = ePbSgOj + 6Pb + 
12PbO + 12SO3; or, 
2 PbS + 2PbS0^ = PbSgOa + Pb + 
2PbO + 2SO3. 

24 grams PbS and 30 grams PbSO^ gave 33'4 
residue, containing 10 grams Pb, and the residue con- 
sisted of PbO with a little PbS, which always forms in this 
reaction. Theory requires 32*5 of residue containing 
10-3Pb and 22-2PbO. 

When we reverse the reaction and act upon molten 
PbSO^ by increasing quantities of PbS, we obtain a different 
set of reactions. 

On adding 1 molecule of PbSO^ to 12 of melted PbS, we 
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saw it gave riae to 2 moleoales of the volatile PbS,0), or 
that aa PbSO^ and PhSjO, have the same molecMilar 
weight, the volatilisation was doable the addition. 

On adding PbS to melted PbSO^ we get as principal 
reaction the following : — 

(7.) SPbSO^ + 5PbS = 4Fb^o, + 4PbO. 

So that 5 molecolos of PbS yield 4 molecules of 
PbSgOj, bnt as the molecnlar weight of the latter is higher, 
S9'7 of PbS would oanse a volatilisation of 40*2 of the 
PbSjOi, or abont eqoal qnantttios. 

This reaction only takes place with large excess 
of PbSO^, as the PbO accnmnlating sets np secondar/ 
reactions. 

20 grams PbSO^ were melted^ and 2'3 grams of 
PbS added little hy little. The residue weighed 19-9^ 
diowing a loss of 2'4 as against 2'33 by theory. 

When a greater quantity of PbS is . added the reaction 
takes this form :— 

(8.) 12PbS04 + SPbS = aPbSjO, + 2Pb + 
UPbSO.. 

The 2Pb react with 2PbS04 yielding 4PbO + 
9PbS0« + 280,, so the final reaction is :— 

(9.) 12PbS04 + SPbS = aPbStO, ■- 4PbO + 
gPbSO^ + aso^ 

I have stated the reaction in these stages, as metallio 
1 to be set free at first. 
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the snlpliate (ihere was a very rapid disengagement of SO], 
and the craoible was rapidly dissolved. It was evident that 
the PbSO^ was being converted into silicate^ which as far as 
the weighings are concerned is exactly like being deconi- 
posed thus :— PbSO^ = PbO + SO, + 0, because the 
silica comes from the crucible and is weighed with it. The 
extent to which this reaction is carried at high temperatures 
surprised me, for the whole fusion and reaction did not take 
more than 20 minutes, yet in that short time an experiment 
with PbSO^ alone showed that nearly two-thirds of the 
sulphate had become decomposed. By many experiments 
and analyses the following was arrived at as a type of what 
goes on. 

(10.) ISPbSO^ + oPbS = 4PbSaO, + 4PbO + 
12PbS04, but the PbSO^ has been split up by the silica, 
12PbS04 = 4PbS0^ + 8PbO + 8SO3. So that the total 
reaction stands thus : — 

(11.) ISPbSO^ + 5PbS = 4PbS20, + 12PbO + 

4PbS04 + 8SO3. 

The above equation requires 12*8 grms. to be volatilised 
on the quantities above given and 25*7 grms. of a residue. 
These figures agree with the mean of those obtained. I 
would here remark that those which showed greater loss of 
weight usually contained more metallic lead. I have noibiced 
that when pure litharge or carbonate of lead is sud^fffp^ 
thrown into a white hot crucible a large part is oflben redact 
to metallic lead apparently by dissociation, whereas when 
raised to the same temperature slowly no metallic lead is 
seen. This greater stability is connected in some way with 
the formation of minute quantities of silicate of lead. The 
appearance of metallic lead in greater quantity than can be 
accounted for by any method of double decomposition known 
to me, I can only attribute at present to dissociation. I 
have sometimes been led to believe that at high tempera- 
tures a more highly oxidised compound than PbS202 formed 
the volatile constituent of the reaction, but I have no 
satisfactory evidence of its existence. Its existence, how- 
ever, would account for the greater loss by volatilization 
without calling in dissociation. 
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Wo saw that the addition of PbSO, to molten PbS 
resalted m an action eqairalent to barning oat of the 
solphnr, leaving a sub-salphnrisod lead, and now we see 
(hat tbe reverse treatment — i.e., adding PbS to molten 
PbSOt results also in a loss of snlplinT and formation of 
a basic sulphate, or a mixture of PbO and PbSO(. 

When large qoantities of PbS ate added to PbSOj, the 
reaction becomes complicated hj the accumulation of PbO 
in the sulphate, and when the temperature was kept high 
the sulphate still continued to react in part, but if the 
temperature was allowed to fall as tbe melting point of 
the mixture became lower, the snlphide ceased to react 
with the sulphate, and formed oombinations with the oxide. 
To follow what was going on it became necessary to 
examine the reaction of litharge with galena. 

Percy gives the main reaction as^ 

(12.)... PbS + 2PbO = Pbj + SOj. 

And to show that this is the case, and that excess of 
either re-agent does not affect the result, he gives 

(13.)... PbS + 3PbO = Pbj + PbO + SO,; and 

(U.)... 2PbS + 2PbO = Pb, + PbS + SO,; thus 
showing that the excess of reagent remains unacted upon. 

On mixing finely-powdered PbS and PbO in their 
molecular proportions, and carefully fusing them in an 
atmosphere of nitrogen, there was formed i 
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wiiih various oxides^ of which the salphor dioxide member 
plays each an important part in all furnace re-actions of 
lead, so that instead of PbSA or PbS.SO, we have Pb SO, 
or PbS.PbO. On heating it to a higher temperature in an 
atmosphere of nitrogen, a little SO, was given off^ and the 
substance in the crucible had settled into two layers^ the 
lower consisting of a quantity of semi-sulphurised lead, and 
the upper of a black slag. 

This was treated with ammonium acetate, and the 
soluble portion found to consist of PbO and PbSO^ in the 
molecular proportions of 6 to 1, while the insoluble was 
PbS in the molecular proportion of 4. 

The hard metallic portion was found to contain Pb and 
S in the proportions of 13 to 6. 

These results show that the following is what took place. 

(15.) 12PbO 4- i2PbS = PbSO^ + Pby + lOPbS + 

6PbO + SO, 

The product was divided into the two portions as 
follows : — 

na\ /Slag, PbSO^ + 6PbO + 4PbS 

^ ^^ t Metal, Pb^ + 6PbS or PbigSe 

It will be seen that here again the simple reactions 
given by the text-books do not represent actually what 
takes place. I have had opportunities for making exami- 
nations of the action of litharge on galena in large quan- 
tities over a series of years, and in presence of air, and, 
without going into all my observations, I may succinctly 
state the principal stages of the reactions which I have 
observed. 

When a small quantity of PbS is added to a large 
quantity of melted litharge, the following reaction takes 
place : — 

(17) 24PbO + 2PbS = PbSO^ + 4Pb + 19PbO + 

(PbS.PbO). The PbS in the right-hand side of the 

equation is not simply the excess added, because when 

only 1 molecule of PbS is added to 24PbO, only half 

the metallic lead is obtained^ and still sulphide of lead is 

found in the residue. 

22 grms. PbO + 2 grms. PbS gave 13*6 per cent, of 

13 
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metallio lead, wliile the theoretical amount is 14*2. The 
lead was perfectly pare and soft and contained no sfalphide, 
Uie whole of the eulpliide in the right-hand aide of the 
reactioa being diaaolved in the oxide, forming (PbS.PbO}. 

When the products of the reaction (PbSO^ and 
FbS.FbO) have accnmnlated to certain extent in ihe 
resnlting slag, fnrther addition of FbS doea not cause any 
fbrther separation of lead, but simply goes to form a more 
Bolphnrons slag. Out of bandreds of ezperimente, I bare 
bnilt up the followiug stages to show the direction of the 
reaction : — 

(18.) 24PbO + 9PbS = 

SPbSO^ + 12Pb + 6PbO + 6(PbS PbO) 

(19.) 24PbO + 12PbS = 

SPbSOi + 12Pb + SPbO + 9(PbS PbO) 

(20.) 24PbO + 24PbS = 

SPbSO^ + 12Pb + 9PbS + 12(PbS PbO) 
Taking the lead out of the right band side of the 
equation, the residne represents different qualities of Uie 
grey or black slags of the smelters; but of course Uie 
smelters slags contain all the imparities of the ore and the 
fluxed brick. 

On further beating these prodacts tbey go into furtlier 
decompositions in two different ways, according to nhetJier 
tiiey are heated in air or in nitK^^. 

If heated in nitrogen, the PbS in solution in PbO slowly 
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shaken strong saction is felt by the thamb. This oxidation 
results in a great increase of the PbSO^ present. 

The oxidation may be carried on till a mixture con- 
taining only PbO and PbSO^ results. Thus : — 

(22.) 5 PbO + 5 PbS + Oi7 = 2 PbSO^ + 8 PbO 
+ 3 SO,. 

This should give a residue containing 25*4 PbSO^, and 
the materials should increase by 3*5 per cent. 

A mixture in the proportions above indicated, and con- 
taining 48*1 per cent, of PbO, and 51*9 per cent, of PbS 
was melted and allowed to oxidise in a mu£9e till all the 
PbS had become oxidised, when the residue was found to 
contain 26*26 per cent, of PbSO^, and to have gained 3*6 
per cent, in weight, thus confirming the above equation. 

On melting an intimate mixture of PbS and PbO the 
reaction assumes this form : — 

(23.) 10 PbS + 20 PbO = 25 Pb + 2 (PbS PbO) + 
PbS04 + 7 SOj, yielding 75*54 per cent of lead, 
instead of 90*63 as required by Percy's equation. 

Series of experiments have been made with black slag 
containing PbO, PbS and PbSO^, which show that when 
the temperature is high and excess of PbS present, and 
especially in a reducing atmosphere, the decomposition of 
the sulphate by the sulphide into PbO, and SO, is the 
principal course of the reaction, and when the temperature 
is lower and much oxygen present, the direct oxidation of 
the sulphide takes a major part in the reaction, and as the 
reaction may be made to assume either of these directions^ 
I need not detail further experiments in this field. 

It may be well to note here, however, that, on adding 
PbS to melted PbO, the first reaction which takes place 
is most probably : — 

(24.) 4PbO + PbS = PbSO^ + 4Pb. 

But whenever some PbSO^ is formed, the black 
(FbS PbO) begins to accumulate. 

Another reaction requiring attention when examining 
the course of lead smelting is that of sulphate of lead with 
carbon, as this reaction is used in hearth smelting of slags. 

80 grms. of PbSO^ were fused in a porcelain capsule^ 
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and a piece of oharcoal w^ghing^ 1.3 grm. plunged into it. 
Violent effervescence ensned, and tlie familUr lead fnme at 
once appeared. After the re-action had 1)600016 vetj 
doggiab, the cmcible was emptied of the metallic lead, 
which weighed 8 gnns., and it waa foond that 10 grme. of 
silicate and 1 grm. of sulphate were left in the cmcible — 
giving a total residue of 19 gnne. — while 125 grms. were 
volatilised. The silicate was re-melted, and the carbon 
pressed into it at a white heat, when it was found that it 
was scarcely acted upon. Tt will thus be seen that, daring 
the time required for the reaction (20 minutes), one-third of 
the sulphate was converted into silicate. 

Taking the silicate as metallic lead, the above pro- 
portions of fixed and volatile products agree very closely 
with the equation. 

(26.) 24PbROi + 27C = 21Pb + BPbS,Oi + 18S0. + 
2700,; or, 
24PbS0i ■^ 280 = 20Vb -f- PbS + SPbS,0, + 
17Sa + 28CO, 
aa there is generally some sulpbor in the lead. 

This reaction requires a loss of 12'7 against 12*5 
obtained and the lead and its silicate should weigh 18'3 
against 19 obtained, but taking off the oxygen retained by 
the litharge ia the silicate the numbers are 18'3 against 
18'2 obtained so that the above equation may be taken as 
correct. It is rather carious that idl the sulphide formed in 
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On beating 6*1 grms. of PbSOg over the blow-pipe in a 
hard glass tnbe it tamed black and SOs was evolved till the^ 
whole was fosed^ when 1*358 grms. of SOs had been given 
off. This represents 22*2%, while theory requires 22*3 
while the sulphate and sulphide were present in the above 
proportions. On further heatings SO^ continued to be 
evolved^ but extremely slowly^ as during 20 minutes the loss 
was only increased to 23*7%. Heating was continued for 
an hour but no trace of lead was formed^ the sulphide 
re-acting on the sulphate to produce litharge as by 
re-action (21). This is another proof that sulphide and 
sulphate do not re-act as supposed in the old theory of 
smelting as they are here produced by a decomposition so 
that they could re-act in the nascent state, and if such a 
re-action were possible, it would take place in this case. 

When the temperature is raised to white heat, the 
reaction goes on to its conclusion^ and a portion of the 
sulphide combines with the SOs to form the volatile 
PbSsOi, thus :— 

(27.).. .25PbS03 yield ISPbSO* + 5(PbS PbO) + SSOj, 
while 3 molecules of the PbS go to form the 
volatile PbSsOs and 3 molecules go to de- 
compose the sulphate, thus: — 

(28.)...5PbS + ePbSO^ = SPbO + 5SOs + 8PbS,Os, 
so that the final reaction may be expressed. 

(29.)..25PbS03 = 8 PbSsOs + lOSO, + 13PbO + 
9PbS0 . 

A very interesting point was noted in connexion with 
the PbS PbO compound, showing it to be one of the group 
which contains the volatile PbSsOs (or PbS SOs). 

I have shown that as soon as the PbSsOs compound 
passes below a red heat PbS is deposited and SOs passes 
away. That it is pure PbS which is deposited is proved by 
its cubical crystallisation^ and specific gravity, which, when 
free from oxidation and taken in benzine^ is 7*66^ while on 
analysis it gave 13*43 % S, and 86.79 Pb, the theoretical 
numbers being 13*41 and 86*59. 

Now^ when PbSPbO is dissolved in PbO and 
heated to a good red heat^ the liquid is se^n to h& 
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quite transpareiit in tlun films traiiBmittmg red light ; bat 
on cooling it becomeB black and perfectly opaqnej and 
on dissolving the FbO in acetate of ammonium pare 
PbS is left. Now this behavionr shows that at a red heat 
the PbS PbO componnd exists, and is a reddish colonred 
transparent body; bnt on cooling, the FbS separates out 
ezactJy as it does in the SOj oompoand. This also shows 
that the PbS PbO componnd cannot be written Pb|SO and 
be considered as a donUe molecnle of PbS (i.e., Pb|Si) in 
which one atom of S is replaced by oxygen, as snch a com- 
ponnd would be unlikely to yield PbS on cooling, bnt 
would probably be more stable at a lower temperature 
instead of dissociating. It is carious that these bodies 
are only stable at a high temperatore and split np on 
cooling, as the contrary is usually the case with gaseous 
compounds with solid bodies as in the case of Mond's 
nickel carbonyL 

I hare given much attention to this body, and have 
watched its reactions with galena on the large scale, as my 
researches have shown that the oxygen compounds of 
snlphide of lead play an important part in the metiJIargy 
of lead. It was all the more necessary to make a searcbing 
study of the matter as Percy, whose commanding position 
in metaUorgy we all respect, has made the following state- 
ment in his book : " In metallnrgical books which treat of 
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pounds of lead^ but that it is due to the pow^r of fractiona- 
tion of the mixtare of lead and its sulphide^ or what is in 
the liquid state subsulphurised lead. We haye seen that 
the re-action (given on page 178), PbS + PbS04 = Pb, + 
2SOs, does not take place, but even were it a possible re- 
action it could not take place in smelting, as the tempera- 
ture is never high enough to melt either of the constituents 
of the reaction, and in the solid state they do not react. 

When PbS and PbS04 are very finely pulverised and 
fused together at the lowest temperature at which they will 
combine, they react in the following manner : — 

(30) 12PbS + 12PbS04 = 
llPb + 2PbS + 6PbO + 2PbS + 2PbS04 + PbSA+ 16S0, 

Hard lead. Slag. Fume. 

11-92 Grms. PbS and 15-12 Grms. PbS04 were carefully 
melted together and gave :— 

Products. Ultimate Analysis. 

Found. Theory. Found. Theory. 

PbS /lead. *^ ^^ ^^ "^^ - 0-52 7-85 

PbO \ 18-73 20-56 

PbS ySlag. 36-29 37-23 ... 6-41 7-35 

PbSO^ J 11-15 9-32 

^^« iFume 22-21 20-44 ^®'^^ ^^'^® 

PbSsOaP""^®' "^"^^^ '*"^ ••• 406 4-66 

99-82 10000 99-82 10000 



Y. Lead Smelting. 

In applying the knowledge gained in the foregoing 
pages to the smelting of lead^ the behaviour of ^ena 
under various conditions has to be kept in view, as the state 
of the lead ore which is being reduced is an important 
&ctor in the result produced. 

There are two practical observations which we will find 
of great use in understanding the re-actions involved in 
smelting^ These are: — 

1. The ore is reduced in the rough state — i.e., in small 
pieces from the size of a split pea to that of a marble^ but 
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the larger pieces decrepitate on lieating, bo that the iiara 
may be stated aa from a split pea to ooarsa sand, bat 
the smelters find the coarsest ore easiest to work, and to 
give the best results. Now, when the fineness is extoeme, 
as in "slimes," the trouble of smelting is enormonaly 
increased, and tiie results obtained are the worst, quite 
inespectire of the increased impurity in die finer ore. 

2. Sulphate of lead is tlie smeltn^s worst enemy. 

I shall endeavour to show that these two propositions 
amount to one and the same thing. 

When s email piece of galena is heated bdbre a blow- 
pipe flame, a little fume is given off, showing that the 
sulphur is being burned out, while the snrface of the piece 
will become coated with a liquid like lead, but no sulphate 
is formed, except a small trace of fume, which condenses 
on snrrounding sorfaoes and stains them white, giving an 
erroneous impression that the solid PbS is being oxidised 
to PbSO*. 

On continuing the heating the liquid portion will 
increase, and this will go on, the solid beneath growing less 
till all is liqnefied. 

This liquefaction is not due to rise of temperature, 
but to the burning out of the sulphur, yielding sub- 
sulphurised lead of a lower melting point. When 
the film of lead is formed on the surface, it dissolves 
the underlying sulphide, and brings it to the surface 
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SO) and lead, and the products would be entirely lead^ 
Qulplmr dioxide, and fuma 

So much for galena in pieces. Now let us see what goes 
on when the galena is in very fine powder. 

1£ very quickly heated the liquid portions of the larger 
particles coalesce and act very much as above, so we need 
not consider this case. If slowly heated, very little SO3 is 
evolved, but oxygen is absorbed, and at the end of an hour 
the colour is seen to be growing lighter, and after two hours 
the whole may be converted into sulphate. It is impossible 
to get the theoretical yield, as some fame is formed in spite 
of precautions, but by carefal roasting I have obtained 115 
per cent, of a white sulphate of lead out of a possible 126 
per cent., and by taking longer time and a lower tempera* 
ture higher results might no doubt be obtained. 

Now this reaction is the second cause of the formation 
of slag as the sulphate of lead produced necessitates the use 
of a higher temperature in '' melting down " the charge in 
the furnace, and thus more oxidation takes place. Besides, 
the PbSO^ is partly decomposed by the PbS into litharge, 
and so the galena instead of being converted into lead is 
used up in two deleterious reactions, first reducing PbSO^ 
to PbO, and second forming PbS.PbO with the PbO pro- 
duced. I have proved in several different ways that the 
reaction, PbSO^ + PbS = 2Pb + 2SO2 (which is always 
put forward as the total explanation of lead smelting) has no 
existence, and does not take place in any circumstances 
which I have been able to brincr about. 

But the most complete contradiction to this reaction is 
given by the lead smelters themselves. The fame which 
they condense in their long flues is composed principally of 
PbSO^, so that if the above were true, the best thing a lead 
smelter could do would be to mix this fame with galena in 
the required proportions^ when, on heating, lead would 
result. But lead smelters know better than that. Were 
anyone to propose to put lead fume amongst good ore he 
would be considered to be mad, or trying a practical joke, aa 
no greater calamity could happen to a smelter. The charge 
would simply be ruined. 
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The smelter treats bis fnme oil the slag heartb^ mixmg it 
with fael, and the reaction is that of FbSO^ Trith G, shown 
in equation (24.) 

With these expknationa we will now follow a smelting 
operation. I have carefully watched the whole operation of 
smelting many times, and although different workmen use 
slightly different methods of treatment, I have noted that 
the main stages are always the same, and these are ; — 

1. A roasting for two to four hoars at a barely visible 
red beat, during which neither litharge nor sulpbate of lead 
are produced, bat sulphur ia burnt out, and carries with it 
some FbS as FbS]Of During this stage no fusion or even 
pastiness is allowed to take place, and at the end the tem- 
perature is generally allowed to decline. 

2. The temperature is sharply raised, and lead trickles 
out as mentioned above, and the slag rapidly forms 
and runs down on the top of tbe lead. 

The remaining operations are directed towards removing 
the last traces of sulphide of lead from the slag, bnt 
practically no more lead is obtained, Tbe reason for this 
removal of the ealphide is, that if any is left in, the 
subsequent treatment of the slag in the blast furnace or 
slag hearth is rendered difficult, and much fume is produced, 
whereas a well-oxidised slag is easily treated in tbe slag 
hearth. 

In order that it may not be supposed that I have ob- 
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and the whole pushed towards the bridge and back of the 
fnmace. [This has taken about four hours^ and there is no 
separation of lead yet.] 

(Stage lY.) The temperature is quickly raised^ and lead 
flows freely, and the whole is melted down into the leadwell. 

(Stage Y.) Slaked lime [others use lime and charcoal] 
is thrown in to thicken the slag« which is pushed off the 
lead, and set up round the sides and left to cool, and again 
remelted. Sometimes lime is again added and the last treat- 
m^it repeated. Now all tlu^ough his work Percy assumes 
that the roasting forms sulphate of lead, which reacts with 
the sulphide to form sulphur dioxide and metallic lead, but 
I have shown that neither by adding sulphide to molten 
sulphate (or vice versa), nor by fusing any mixture of the 
two, does any such reaction take place. But there are 
several other disproofs of any such reacfcion. In the first 
place, if it were true^ smelters would mix the sulphate fume 
with ore to aid in the smelting, but any such addition would 
be fatal to the making of lead. Another disproof lies in 
the fact that sulphate and sulphide do not react till the 
fusing point of one is reached, and as that temperature is 
nearly a white heat, any such temperature in a lead furnace 
would be entirely out of the question, as it would flux all 
the brick. Lastly, as the preliminary roasting has reduced 
the sulphur to 3 to 5 per cent., there is plenty of free lead, 
so that instead of the PbSO^ and PbS reacting, the PbSO^ 
would react with the metallic lead, yielding litharge and 
PbS and diminishing the yield of lead. 

I will now examine the process in the light of my 
researches. It must be remembered that as galena of all 
degrees of fineness is present, we can only follow the main 
course of the re-action, as the fine dust of sulphide pursues 
a different course from the coarse ore, but I assume we are 
dealing with a coarse ore and that the main re-action is 
the only one. 

In (Stage I.) of Percy's description, the action is entirely 
one of burning out the sulphur till a sub-sulphurised lead 
containing from 3 to 5% of sulphur is obtained (or a mixture 
of 4Pb with one of PbS). In (Stage II.) the material is 
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placed in s good poffltiou for metting down. Id (Stags IIL) 
the BQb>8Dlphide is cooled to cuue its sepumtion into 
metallic lead and salplLide. In (Stage IV.) the material is 
heated to allow the metallic lead to tricklB out, and at the 
same time oxygen is rapidly alisorbed, and tlie compound 
PbS.PbO formed which flows down as slag- Of coarse some 
sulphate is formed at the same time, and the FbS.PbO goes 
on eagerly absorbing o^gen and forming sulphate. The 
slf^ still contains a good deal of galena in fine particles, and 
requires to be again fractionated, but that could not be done 
if it were allowed to lie fused on the surface of the lead, nor 
could the lead itself be purified from the sulphide which it 
still contains except by being exposed to' the air. Another 
reason for the speedy removal of the sl^ from contact with 
the metallic lead is that it has a deleterioos efEeot on the 
tead if left in contact with it. 

Wlien the slag still contains excess of sulphide, that 
sulphide is gradually transferred to the lead,^ making it 
hard ; and when on the other hand it is low in sulphide, 
then the sulphate present is attacked at the expense of the 
lead by the re-action PhSO* + 4Pb = PbS + 4PbO, 
so that it is itnperatire to at ouce separate tlie slag &om 
the metal, which is done in Stage' V. 

But it is not ready to be treated in the blast furnace or 
slag hearth, as it contains mnch sulphide, so the only thing 
to be done is to " dry " it up b? admixture of soma neutral 
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evolution of sulphur dioxide. This clearly proves that the 
main source of the metallic lead is simply fractionation of 
the partly desulphurised sulphide, as illustrated on page 173^ 
land not a double decomposition. 

Of course the experiment on page 173 did not include 
oxidation, but was executed in small steps for the special 
purpose of illustratiug the gradual fractionation of a low 
sulphide into lead and its mono*sulphide. 

Percy mentions at some periods of the smelting a sound 
is heard — " sizzling/^ I think he calls it — showing an evolu- 
tion of gas. I have often heard this^ and have imitated it in 
large flat basins in a muffle furnace^ and I have often found 
it to be connected with the action of sulphide of lead on the 
sulphate of lead dissolved in litharge resulting in the forma- 
tion of more litharge as shown in equation (21). 

It is also caused by the decomposition of the PbS.PbO 
compound when suddenly subjected to heat, as SO^ is 
evolved and a sub-sulphurised lead produced thus : — 

(31.) 2 (PbS.PbO) = Pb^ S + SOg. 

A practical proof that the reactions of the oxidised lead 
compounds upon the PbS are not the cause of the produc- 
tion of the metal, lies in the fact that iron rabbles are used 
constantly stirring up the materials, and iron is attacked by 
PbS at as low a temperature as that at which it reacts with 
the sulphate of lead, so that, if the temperature were raised 
to bring about a reaction of the PbS with the PbSO^, the 
iron rabbles would be quickly destroyed. I have shown 
that when the temperature is raised the SO^ evolved begins 
to carry o£E much PbS by forming the volatile compound 
PbSgOg ; so the great aim of the smelter is to obtain a 
burning out of the sulphur at as low a temperature as 
possible, and it is wonderful how quickly the sulphur may 
be burnt out at a heat below visible red ; in fact, sulphur 
seems to be much more loosely combined with lead at low 
than at high temperatures, as is shown by two experiments. 
I have often noticed that when pure sulphide of lead, such 
to that obtained by sublimation, is quickly heated in a glass 
tube, in an atmosphere of nitrogen, a minute quantity of 
sulphur is evolved and condenses in the tube. Then, we 
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have seen, on page 183, that, at a temperatnre of 850* 0.> 
liquid SOj acts npoc PbS, forming PbO and Betting free 
snlphar, whereas, at a white heat, when its oxidising power 
might be expected to be greatly increased, it does not 
oxidise tbe FbS at all, bat forms a compoand from which 
pnre FbS is deposited at a lower temperature. 

The last point to be noticed is, that at the moment (d 
heating the roasted ore to smelt down the lead, there is a 
a great absorption of oxygon to form the compound 
PbS.FbO, and that the formation of this compound— the 
basis of black slag — cansee the rapid ezpnlsion of a nearly 
pnre lead. I hare often repeated that experiment in a 
model fnmace, bat at the moment of melting down I have 
replaced the air by nitrogen, when the separation of lead 
was not at all so sharp, and it required a second cooling 
and remelting to get anything like the same result. 

To sam up, then, the method of smelting lead in the 
rererberatory furnace is not (as hitherto explained) a result 
of the equation PbS + PbSOj = 2Pb + 2S0a, which I 
have shown to have no existence, but it is simply a 
baming out of the sulphur by air, producing a anb- 
sulphurised lead which, on being allowed to solidify, sepa- 
rates into Pb and PbS, and on re-melting this, ^e 
lead melts out first, leaving the more infusible PbS, while 
oxygen is absorbed and PbS.PbO formed, which, along with 
all the impurities in the ore, silica diasolyed From the brick 
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heatiiig^ and cooling, &o., with the result that the same 
ore may yield from 60 to 67 per cent, of lead^ according 
to manipulation; but^ of course^ the slag of the smelter, 
who has made the smaller quantity of lead, will yield a 
proportionally greater amount of lead on reduction on the 
slag hearth besides being more easily reduced. 

We will now consider the slag. Percy was much 
puzzled to find any reason for adding lime to the slag when 
'' setting it up '' from the lead in the lead well, as the lime 
does not appear to react with the slag. 

It is said that in Spain they use a mixture of lime 
and coke brise, and the coke doubtless reduces a little 
of the PbO to metal; but lime is always used. 

The reason for adding the lime is two-fold. It acts 
in the first place as a stiffener or '' drier,^' which enables 
the workmen to " set up '' the slag and separate it from the 
metal. But its real use is in the subsequent smelting of the 
slag. Percy has shown on page 235 that the slag gradually 
accumulates combined Silica, and that this may rise to 12 
per cent, of the slag. It sometimes rises much higher 
with ''slimes/' or ores containing much Silica, or if the 
workman allows his slag to lie too long liquid before 
" setting it up,'' as it then attacks the furnace bottom. Now 
silicate of lead, as shown in experiment (25), is not reducible 
to any extent by carbon, but on adding lime, the stronger 
base lime takes the silica and throws out the lead oxide^ 
which is at once reduced by the carbon of the slag hearth. 
I need not treat of the reactions of the slag hearth at any 
length, as they are very simple. The slag consists of oxide, 
sulphate and silicate of lead, as the last two hours' work in 
the reverberatory furnace is practically a process to get rid 
of the last traces of sulphide to render the slag fit for the 
slag hearth. The oxide is reduced at once, the silicate split 
up by the lime, and the sulphate is reduced as shown at 
equation (25), generally according to the second of these 
equations, as the lead obtained is a little *' hard '* from the 
presence of some sulphur. 

Lead fume from the flues, consisting mainly of sulphate 
of lead, is smelted in the same way with carbon in a hearth 
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or cnpola ; 'bnt being s very fine powder, not only ia fame 
produced by the PbStOi reaction, bat a qnaotity is 
mechanically carried away by the blast. I have deecribed 
these reactions as ancdntly as possible, and the whole 
operation in the revorberatory fnmace may be entnmed np 
in the reaction. 

(32.) 24PbS + 44 = 17Pb + 2 (PbS.PbO) + 
FbSOt + aFb8,0, + i7S0, which wonld represent the 
best resnlts obtained — viz., 66 per cent of lead, 12 per cent' 
Bla|f, and 6 per cent, fume, bnt the slag often amonotfl to 
14 or 16 per cent, and the fame to as hi^h as 12 per cent., 
according to the natare of the ore. Bnt it must not be 
thongbt that there ia a complete cat and dry chemical re- 
action like that represented at (30), becanse, according to 
the fineness of the ore, the air may be desnlphnrising 
it or converting it into sulphate, bnt only the very finest 
particles go directly to form snlphate, and with dean 
coarse ore the above reaction practioally represents what 
takes place; 

The new componnd PbStOt is very easily oxidised {if 
mixed with excess of air or oxygen) to snlpbate of lead and 
snlphnr dioxide, and as the oxidation when condncted by 
air takes place in a large volnme of a neatral gas — nitrogen 
— the panicles of PbSOi are almost molecnlarly fine if 
cooled before they have time to coalesce, hence the 
; difficulty o£ condensing lead fnme. It will be e 
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famacejl have found it impossible to matenally increase the 
yield of lead by reverberatory treatment. The formation of 
the two oxysiQphides which constitute fume and slag are 
inevitable with such a process, bat these researches have 
shown that ikere are other means of treatment, rendered 
possible of execution by the invention of the basic Bessemer 
process for iron, by which the oxysulphide slag may be 
entirely avoided, while the other volatile oxysulphide may 
be znade a useful step in the process instead of being coi^- 
sidered a troublesome accident. 

6. PfiOPOSED New Metallusoy op Lead. 

The new metallurgical treatment of galena may be 
roughly stated as follows :— 

The galena is placed in a basic lined converter in the 
molten state and air blown on its surface as well as a little 
forced through it to obtain as much volatilisation as possible. 
One half of the lead is volatilised and converted by excess 
of air into sulphate of lead. Should the lead be sufficiently 
rich in silver to render it advisable to obtain a concentrated 
silver lead the greater part of the sulphate is returned to 
the metallic lead in the converter and air forced through 
the lead to maintain a high temperature, and induce the re- 
action by which litharge is produced, as on page 187. By 
using rather less than the quantity of sulphate required, and 
forcing excess of air, the sulphide which forms as shown in 
the secondary reaction on page 187, is entirely oxidised, 
and a good litharge obtained. The small quantity of lead 
in excess of the reaction will now be found to contain all 
the silver. Should the lead be poor in silver it may simply, 
be run off and a new charge prepared. 

Should it be required to convert all the galena into the 
metal, the sulphate may be added to a fresh charge of 
galena when the . reaction (I.) takes place. The re- 
action there given represents the first stages of such 
a decomposition, and the volatilization is extreme; but the 
metallic lead produced dissolves in the sulphide and lowers, 
the melting pointy and if the temperature be allowed to fall. 

U 
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tlie reaction approachea more nearly a fannuog out of the 
sulphur by the oxygen of the sulphate ; so by this process 
the final result of the action of an insufficient qoautity of 
sulphate is to produce a low sulphide, which may be then 
finished off by air, and so metallic lead produced. 

This process is capable of many modifications, but by 
its means the galena may be turned into the metal, or its 
oxide or sulphate iu any proportions, all that is required 
being a basic lined courerter and a series of wet condensers 
in which to collect the various sublimates, whether of white 
sulphate or of black sulphide. 

The sulphur dioxide is obtained in a concentrated state 
aud quite free from any association of lead, so that it can 
be utilised at the same time in other manufactures. As 
these reactions are capable of being quickly carried out, 
and in large quantities at a time, they form the basis of a 
new metallurgy of lead, which will hold the same relation 
to the old method as Bessemer's process does to the old 
hand-puddling of iron. 

It may bo wondered how the old text-boolc reactiong 
came to be accepted, although they are quite erroneous. 

Most of tlie experimenters wrought with coke furnaces 
and fireclay crucibles, and they found, as Percy did, that 
sulphide of lend passed freely through the pores of the 
crucible, so that a considerable loss had to be expected. 
Plumbago crucibles at once reduce litharge to metallic lead. 
Now in conducting an experiment, it seems to have been 
the habit to place the acting substances in a crucible and 
heat it in a coke furnace till the reaction was complete. 
The litharge was largely absorbed by the crucible, and 
sulphide of lead passed through the pores, while all sulphate 
was decomposed and converted into silicate. Hence the 
only substance left unchanged in the crucible was metallic 
lead, and it will be seen, by comparing my formulae with 
those of the text-books, that the latter err in stating that 
the reaction yields metallic lead, when it really yields a mix- 
ture of this with litharge or sulphate. As the experimenter 
was prepared for a large loss, no notice was taken of the 



( 211 ) 

Working iu thin salamander or Berlin porcelain yesselfi, I 
Iiare been enabled to heat the materials quickly to the 
neqnired temperature and watch the re«action^ and instantlj 
raise or lower the temperature. Again the studies have 
sometimes been made at temperatures which are in- 
compatible with lead smelting. For instance, PbO is the 
only substance except lead which is liquid at the tempera- 
ture of the smelting furnace; on adding PbS to it the 
substance PbS.PbO is formed^ but on mixing them in the 
piroportion PbS + 2PbO = 3Pb + SOa^nd placing them 
in a Hessian crucible and heating for an hour in a coke 
furnace, there is found to be only metallic lead remaining. 
But no such reaction takes place in the reverberatory 
furnace, as the temperature is not sufficiently high. But 
as Percy says, only rough approximations were expected,* as 
the existence of the volatile PbSaO^ was unsuspected. 



DISCUSSION. 



Mr. Claude Vautin : I am sure we have listened to a 
most instructive, comprehensive, and exhaustive paper ; but 
I must say that I look upon Mr. Hannay as a would*be 
metallurgical and chemical Scotch Cromwell, coming in with 
some new instrument to destroy the whole of the *' sheet 
anchor'' castle of the lead smelter. Eef erring to Dr. 
Percy's formulas, I think myself that one ought to be 
forgiven if one makes a bit of a fight on behalf of the 
doctor's statements. I grant that Mr. Hannay has estab- 
lished the existence of a volatile compound — ^his PbSjOg — 
also that PbS crystallises out of this compound under 
certain conditions ; and, referring to his experiments, such 
as adding sulphate of lead to molten galena, &c., at different 
temperatures, he appears to have had results which in every 
way justify his conclusions, but what I want to know is this 

• <* Much skill is required to yield even approximate results/' 
Pekcy— " Lead." 
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Xe reaction approaclies mora nearly a bnming ont ot tte 
snlphnr by the oxygen of the sulphate ; bo by tfaia process 
the final result of the action of an insufficient quantity of 
snlphate ia to produce a low sulphide, which may be then 
finished off by air, and so metallic lead produced, 

Tbia process is capable of many modifications, but by 
its means the galena may be tamed into the metal, or its 
oxide or sulphate in any proportions, all that is required 
being a basic lined converter and a series of wet condensers 
in which to collect the various anblimates, whether of white 
sulphate or of black sulphide. 

The sulphur dioxide is obtained iu a concentrated state 
and quite free from any association of lead, so that it can 
be utilised at the same time in other manufactures. As 
these reactions are capable of being quickly carried out, 
and in large quantities at a time, they form the basis of a 
Hew metallurgy of lead, which will hold the same relation 
to the old method as Bessemer's process does to the old 
hand-puddling of iron. 

It may be wondered how the old text-book reactions 
came to be accepted, although they are quite erroneous. 

Most of the experimenters wrought with coke furnaces 
and fireclay crucibles, and they found, as Percy did, that 
snlphide of lead passed freely through the pores of the 
crucible, so that a considerable loss had to be expected. 
Flnmbago crucibles at once reduce litharge to metallic lead. 
Now in conducting an experiment, it seems to have been 
the habit to place the acting substances in a crucible and 
heat it in a coke furnace till the reaction was complete. 
The litharge was largely absorbed by the crucible, and 
Bulphide of lead passed through the pores, while all sulphate 
was decomposed and converted into silicate. Hence the 
only substance left unchanged in the crucible was metallic 
lead, and it will be seen, by comparing my formulee with 
those of the text-books, that the latter err in stating that 
the reaction yields metallic lead, when it really yields a mix- 
ture of this with litharge or sulphate. As the experimenter 
was prepared for a large loss, no notice was taken of the 
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Working iu thin salamander or Berlin porcelain vesselfi, I 
liare been enabled to heat the materials qoickly to the 
UBiquired temperature and watch the re-action^ and instantlj 
raise or lower the temperature. Again the studies have 
sometimes been made at temperatures which are in- 
compatible with lead smelting. For instance^ PbO is the 
onlj substance except lead which is liquid at the tempera- 
tnre of the smelting furnace; on adding PbS to it the 
substance PbS.PbO is formed^ but on mixing them in the 
pn^ortion PbS + 2PbO = 8Pb + SO2 und placing them 
in a Hessian crucible and heating for an hour in a coke 
furnace^ there is found to be only metallic lead remaining. 
But no such reaction takes place in the reverberatory 
furnace^ as the temperature is not sufficiently high. But 
as Percy says^ only rough approximations were expected,* as 
the existence of the volatile PbS202 was unsuspected. 



DISCUSSION. 



Mr. Claude Vautin : I am sure we have listened to a 
most instructive, comprehensive^ and exhaustive paper ; but 
I must say that I look upon Mr. Hannay as a would-be 
metallurgical and chemical Scotch Cromwell^ coming in with 
some new instrument to destroy the whole of the •' sheet 
anchor '^ castle of the lead smelter. Referring to Dr. 
Percy's formulaa, I think myself that one ought to be 
forgiven if one makes a bit of a fight on behalf of the 
doctor's statements. I grant that Mr. Hannay has estab- 
lished the existence of a volatile compound — ^his PbSaOj — 
also that PbS crystallises out of this compound under 
certain conditions ; and, referring to his experiments, such 
as adding sulphate of lead to molten galena^ &c„ at different 
temperatures, he appears to have had results which in every 
way justify his conclusions^ but what I want to know is this 

^ *' Much skill is required to yield even approximate results/' 
Percy—" Lead." 



tno Kaction approaches more nearly a bamin g- ont ot the 
Bnlphnr by the oxygen ot the sulphate j so by this process 
the final result of the action of an ioaufGcient qnanlity of 
solpbate is to produce a low sulphide, which may be then 
finished off by air, and bo metallic lead produced. 

This process is capable of many modifications, but by 
its means the galena may be turned into the metal, or its 
oxide or sulphate in any proportions, all that is required 
being a basic lined converter and a series of wet condensers 
in which to collect the Tariona sublimates, whether of white 
sulphate or of black sulphide. 

The sulphur dioxide is obtained in a concentrated state 
and quite free from any association of lead, so that it can 
be utilised at the same time in other manufactures. Aa 
these reactions are capable of being quickly carried out, 
and in large quantities at a time, they form the basis of a 
Hew metallurgy of lead, which will hold the same relation 
to the old method as Bessemer's process does to the old 
hand'puddling of iron. 

It may bo wondered how the old text-book reactions 
came to be accepted, although they are quite erroneous. 

Moat of the experimenters wrought with coke furnaces 
and fireclay crucibles, and they found, as Percy did, that 
sulphide of lead passed freely through the pores of the 
crucible, so that a considerable loss had to be expected. 
Plumbago crucibles at once reduce litharge to metallic lead. 
Now in conducting an experiment, it seems to have been 
the habit to place the acting substances in a crucible and 
heat it in a coke furnace till the reaction was complete. 
The litharge was largely absorbed by the crucible, and 
Bulphideof lead passed through the pores, while all sulphate 
was decomposed and converted into silicate. Hence the 
only substance left unchanged in the crucible was metallic 
lead, and it will be seen, by comparing my formulse with 
those of the text-books, that the latter err in stating that 
the reaction yields metallic lead, when it really yields a mix- 
ture of this with litharge or sulphate. As the experimenter 
was prepared for a large loss, no notice was taken of the 
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Urorkmg iu tUn salamander or Berlin porcelain vesselfi, I 
liare been enabled to heat the materials quickly to the 
Hdiquired temperature and watch the re-action^ and instantlj 
raise or lower the temperature. Again the studies have 
sometiioes been made at temperatures which are in« 
compatible with lead smelting. For instance^ PbO is the 
onlj substance except lead which is liquid at the tempera- 
ture of the smelting furnace; on adding PbS to it the 
substance PbS.PbO is formed^ but on mixing them in the 
proportion PbS + 2PbO = 8Pb + SO2 itnd placing them 
in a Hessian crucible and heating for an hour in a coke 
furnace^ there is found to be only metallic lead remaining. 
But no such reaction takes place in the reverberatory 
furnace^ as the temperature is not sufficiently high. But 
as Percy says, only rough approximations were expected,* as 
the existence of the volatile PbS202 was unsuspected. 



DISCUSSION. 



Mr. Claude Vautin : I am sure we have listened to a 
most instructive, comprehensive, and exhaustive paper ; but 
I must say that I look upon Mr. Hannay as a would-be 
metallurgical and chemical Scotch Cromwell, coming in with 
some new instrument to destroy the whole of the ''sheet 
anchor'* castle of the lead smelter. Eef erring to Dr. 
Percy's formulaa, I think myself that one ought to be 
forgiven if one makes a bit of a fight on behalf of the 
doctor's statements. I grant that Mr. Hannay has estab- 
lished the existence of a volatile compound — ^his PbSaOj — 
also that PbS crystallises out of this compound under 
certain conditions ; and, referring to his experiments, such 
as adding sulphate of lead to molten galena, &c„ at different 
temperatures, he appears to have had results which in every 
way justify his conclusions, but what I want to know is this 

* ** Much skill is required to yield even approximate results/' 
Percy—" Lead" 
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Uiereaotion approaches mora nearly a burning ont of the 
Balphar by the oxygen of the sulphate ; so by this process 
the final result of the action of an insufficient quantity of 
sulphate i3 to produce a low sulphide, which may be then 
finished oS by air, and so metallic lead produced. 

This process is capable of many modifications, but by 
its means the galena may be turned into the metal, or its 
oxide or sulphate iu any proportions, all that is required 
being a basic lined converter and a series of wet condensers 
in which to collect the various sublimates, whether of white 
sulphate or of black sulphide. 

The sulphur dioxide is obtained in a concentrated state 
and quite free from any association of lead, so that it can 
be utilised at the same time in other manufactures. As 
these reactions are capable of being quickly carried out, 
and in large quantities at a time, they form the basis of a 
Hew metallurgy of lead^ which will hold the same relation 
to the old method as Bessemer's process does to the old 
hand' puddling of iron. 

It may be wondered how the old text-book reactions 
came to be accepted, although they are quite erroneous. 

Most of the experimenters wrought with coke furnaces 
and fireclay crucibles, and they found, as Percy didj that 
sulphide of lead passed freely through the pores of the 
crucible, so that a considerable loss had to be expected. 
Plumbago crucibles at once reduce litharge to metallic lead. 
Now iu conducting an experiment, it seems to have been 
the habit to place the acting substances in a crucible and 
heat it in a coke furnace till the reaction was complete. 
The litharge was largely absorbed by the crucible, and 
sulphideof lead passed through the pores, while all sulphate 
was decomposed and converted into silicate. Hence the 
only substance left unchanged in the crucible was metallic 
lead, and it will be seen, by comparing my formulEe with 
those of the text-books, that the latter err in stating that 
the reaction yields metallic lead, when it really yields a mix- 
tare of this with litharge or sulphate. As the experimenter 
was prepared for a large loss, no notice was taken of the 
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Working iu thin salamander or Berlin porcelain vesselfi, I 
liare been enabled to heat the materials quickly to the 
UBiqaired temperature and watch the re-action^ and instantlj 
raise or lower the temperature. Again the studies have 
sometimes been made at temperatures which are in- 
compatible with lead smelting. For instance^ PbO is the 
onlj substance except lead which is liquid at the tempera- 
ture of the smelting furnace; on adding PbS to it the 
substance PbS.PbO is formed^ but on mixing them in the 
pin^ortion PbS + 2PbO = 8Pb + SO, und placing them 
in a Hessian crucible and heating for an hour in a coke 
furnace^ there is found to be only metallic lead remaining. 
But no such reaction takes place in the reverberatory 
furnace^ as the temperature is not sufficiently high. But 
as Percy says, only rough approximations were expected,* as 
the existence of the volatile PbS202 was unsuspected. 



DISCUSSION. 



Mr. Claude Vautin : I am sure we have listened to a 
mbst instructive, comprehensive, and exhaustive paper ; but 
I must say that I look upon Mr. Hannay as a would-be 
metallurgical and chemical Scotch Cromwell, coming in with 
some new instrument to destroy the whole of the ''sheet 
anchor'* castle of the lead smelter. Eef erring to Dr. 
Percy's formulaa, I think myself that one ought to be 
forgiven if one makes a bit of a fight on behalf of the 
doctor's statements. I grant that Mr. Hannay has estab- 
lished the existence of a volatile compound — ^his PbSaOj — 
also that PbS crystallises out of this compound under 
certain conditions ; and, referring to his experiments, such 
as adding sulphate of lead to molten galena. Sec, at different 
temperatures, he appears to have had results which in every 
way justify his conclusions, but what I want to know is this 

^ ** Much skill is required to yield even approximate results/' 
Percy—" Lead" 
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the TMCtion spproBohea more nearly ii baming ont of the 
■nlphnr by tbe oxygen of tbe anipbate ; bo by this process 
tbe final result of the action of an insofficient qoantity of 
sulphate is to prodace a low salpbide, which may be then 
finished off by air, and so metallic lead prodaced. 

Tbis process is capable of many modifications, bnt by 
its means the galena may be tamed into tbe met^, or its 
oxide or sulphate in any proportions, all that is required 
being a basic lined conTerter and a series of wet condensers 
in which to collect the varions sublimates, whether of white 
snipbate or of black sulphide. 

Tbe sulphur dioxide is obtained in a concentrated state 
and qnite free from any association of lead, ao that it can 
be utilised at tbe same time in other manafactnrea As 
these reactions are capable of being quickly carried onti 
and in large quantities at a time, they form the basis of a 
tiew metallurgy of lead, which will hold the same relation 
to the old method as Beasemer's process does to the old 
hsnd'pnddling of iron. 

It may be wondered how the old text-book reactions 
came to be accepted, although they tae quite erroneous. 

Most of the experimenters wrought with coke furnaces 
and fireclay crucibles, and they found, as Pert^ did, that 
sulphide of lend passed freely through the pores of the 
crucible, ' so that a considerable loss bad to be expected. 
Plnmbago crociblea at once reduce litharge to metallic lead. 
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Workiiig bx thin salamander or Berlin porcelain vesselfi, I 
liare been enabled to heat the materials quickly to the 
x^nired temperature and watch the re-action^ and instantlj 
raise or lower the temperature. Again the studies have 
sometimes been made at temperatures which are in- 
compatible with lead smelting. For instance^ PbO is the 
onlj substance except lead which is liquid at the tempera- 
ture of the smelting furnace] on adding PbS to it the 
sabstance PbS.PbO is formed^ but on mixing them in the 
proportion PbS + 2PbO = 8Pb + SOj^nd placing them 
in a Hessian crucible and heating for an hour in a coke 
furnace^ there is found to be only metallic lead remaining. 
But no such reaction takes place in the reverberatory 
furnace^ as the temperature is not sufficiently high. But 
as Percy says, only rough approximations were expected,* as 
the existence of the volatile PbS202 was unsuspected. 



DISCUSSION. 



Mr. Claude Vautin : I am sure we have listened to a 
most instructive, comprehensive, and exhaustive paper ; but 
I must say that I look upon Mr. Hannay as a would-be 
metallurgical and chemical Scotch Cromwell, coming in with 
some new instrument to destroy the whole of the *' sheet 
anchor'* castle of the lead smelter. Eef erring to Dr. 
Percy's formulaa, I think myself that one ought to be 
forgiven if one makes a bit of a fight on behalf of the 
doctor's statements. I grant that Mr. Hannay has estab- 
lished the existence of a vQl^tile compound — ^his PbS203 — 
also that PbS crystallises out of this compound under 
certain conditions ; and, referring to his experiments, such 
as adding sulphate of lead to molten galena, &c., at different 
temperatures, he appears to have had results which in every 
way justify his conclusions, but what I want to know is this 

* **Mu(!h skill is required to yield even approximate results/' 
Pkrcy— " Lead" 



( 2U ) 

— ^isMr. Hannay satisfied . tliat naso^t sulphate of leadis- 
uot formed ia tlie treatment of galena, wbicli would re-aot 
OS the lead salphide, sad prodace metollio lead i^oh- 
would he gradaally absorbed by the etill tmdecompoaed: 
sulphide f Probably this will account for the foot that 
on raising the temperature of the charge in an ordiuaiy- 
Bmelting operation, tnetallio lead flows without any 
further copious evolution of S0|. Kow, it is almost 
impossible to reproduce the eSEIact of any of these nascent 
reactions in crucibles by adding mixtures, but you can gut 
at it in an indirect way aa nearly as possible ; and what 
makes me think there is something in my remark 
is this ; Yon take sulphate of lead aud carbon in such 
proportions that the resulting miztare st a low temperature 
will contain sulphide of lead and sulphate of lead in exact 
molecular proportions, and favourable to bring about a 
reduction of each other, producing lead aud 80^. Now 
you elevate that temperature, and you get metallic lead. 
In the case I have jast quoted there are the exact pro- 
portions i on the other hand, if you take three equivalents 
of your sulphate of lead and two of carbon, yon produce 
a mixture at a low temperature which contains twice the 
requisite quantity of sulphate to bring about complete 
redaction of the mixture into lead aud SOf And what do 
you getT Oxide of lead and SOj. In the reaction 
mtod by the first Drouosition. we have 




C 213 ) 

Gonditions have been maintained tliat exist in the lead 
smelting furnace. I think Mr. Hannay will admit that 
adding molten sulphate to molten sulphide in no sense 
i^presents the action that takes place in the lead furnace. 
Then following Mr. Hannay's blow-pipe experiment, which 
il3 most instructive: is it not possible that sulphate of 
lead may be formed in a nascent condition, and at its 
birth do its Work f If you do not find sulphate of lead 
that is no proof to me that sulphate of lead had not been 
formed. Then, referring to the re-action that Mr. Hannay 
notices under his blow-pipe, I wonder if he took a bit of 
the galena and thoroughly examined it under a microscope, 
and did he not notice lead right through the whole mass 7 
I think he would have done so. But although he makes a 
strong point of the fact that no sulphate of lead was 
detected after his blow-pipe operation, 1 am of opinion that 
it was still formed, but instantly decomposed by the 
sulphide of lead. Mr. HoUway suggested the reduction of 
sulphide of lead when he was working his copper experi- 
ments by blowing air through molten sulphides, but I do 
not think he ever attempted to touch this sulphate question 
at all. 

Mr. Yautin then put the following reactions upon the 
black-board, illustrating the remarks he had made as to 
the importance of the molecular proportion of mixtures for 
bringing about the perfect decomposition of sulphide by the 
sulphate : — 

2PbS04 -1-20-1- PbSO^ + PS -1- 200, 

Mr. J. H. OoLLiNS : Mr. Hannay has told us — and we 
knew it before — how difficult it is to condense lead fume. 
Now, in this new metallurgy , of lead, where the fume is 
made in as large a quantity as possible, and the operation 
repeated over and over again, would ,not the loss, instead 
of being 7 per cent, op 9 per cent., be something fabulous ? 
However valuable the condensed portion of the fume might 
prove to be in the market, would not the absolute loss be so 
great that the process must be a bad one ? It may be that 
one of the things which Mr. Hannay could not find room to 
put in his paper is a description of some more perfect con- 
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denser, bat ao fsur ss I know anything ol the condensation of 
lead fame, I shoald think the new metaltorgy wonld lead to 
an enonnoaB loss. There i> only one other remark I wonld 
make, and that is to call attention to the passage in which 
llSx. Hannay speaks of the effects of the rale of thamb 
method of smelting, and which oaght, I think, to make ng 
feel Tery hnmble. Not only does he seek to show as that 
Dr. Percy and all his researches were wrong, bat he tells 
Tu that now he has found oat the trnth he is not able to 
show where the process handed down from father to son 
can be improved. In face of that, I thick we onght 
to feel rather modest in onr criticisms of role of thamb 



Mr, Thobus Bice&rd said he did not know, how far 
the chemists who were present would be reconciled to 
this wholesale demolition of almost everything that Dr. 
Percy had tsnght in the reactions of lead metallurgy. 
The paper began by unpposing that one had a pro* 
dnct which was first made molten and then ponred 
into the converter ; now sulphide of lead being s 
most refractory sabstance, coald not be got into a molten 
state unless it was calcined. With the calcining and the 
fosion as a preparation the new process did not work in tiie 
direction of simplification. With regard to the slags, they 
were relatively not very important, for, in the case of rich 
galenas carrying, say, &oni 70 to SO per cent, of lead, the re- 
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Ids paper, says that Dr. Percy speaks of '' supposed sub- 
snlpliides of lead." It is perfectly true that he has headed 
a paragraph in that way, but the manner in which Mr» 
Hannay pnts it is apt to be misleading, inasmuch as it 
would give one the impression that Dr. Percy believed in 
sub-sulphides of lead — at any rate, to some extent ; whereas 
one has only got to read Dr. Percy to see that he believed 
nothing of the kind, and that he was at some pains to 
prove the non-existence of sub-sulphides of lead. On page 
39 of Dr. Percy's well-known work on ''Lead," one will 
find it very clearly shown that sub-sulphide of lead does not 
exist, and for my own part I have never supposed that it 
did. Then, as regards the specific gravity of lead sulphide 
and the oxidation of galena, on page 47 of Dr. Percy's 
book, it is stated that Bodwell, who was a very careful 
experimenter, had found that sulphide of lead oxidised 
very freely, and that point is gone into. Now, Mr. Hannay 
tells us that he cannot take the specific gravity of sulphide 
of lead owing to oxidation ; but it is perfectly clear that 
water 2)er «e would not oxidise sulphide of lead, so that if you 
remove the oxygen from the water by boiling and then 
take the specific gravity it is very difficult to see how the 
oxidation of the sulphide of lead could possibly take 
placa It cannot be pretended for a moment that water at 
that temperature would oxidise the sulphide of lead. 
Unquestionably if the air had access to the lead it would 
oxidise, as shown by Bodwell and others. Then, as regards 
the furnace reactions, Mr. Hannay states that "Percy 
says that the chemistry of lead smelting is unexplained,'^ 
but a line or two further on he says, ''For instance, 
PbS + PbS04 = Pba + 2SO2 is given as the whole 
rationah of lead smelting.'^ These two statements hardly 
seem to coincide. If this is the whole rationale of lead 
smelting, then how is it that lead smelting is unexplained ? 
I think I shall re-echo the feeling of all old School of 
Mines men when I say that I have the greatest possible 
respect for Dr. Percy and his work. Those who had a 
knowledge of him admitted him to be, as f ar . as 
care and accuracy are concerned, the greatest experi- 
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menter we IiaTe ever had. He spent endleBs time, 
tuid spsred no expense or trouble in getting at the 
abBolnte tratli, and he never attached his name to anything 
as a &ct which he had not proved down to the ground, bat 
aiwajs gave it with all the neoe8sai7 reservation. He 
always gave the data upon which he fotmded bis conclnsions, 
tmd described exactly how the experiments were performed, 
ao that I should be very loth, indeed, to reject any of Dr. 
Potcj's statements without the fullest aud clearest proof. 
There is no question that the reaotious of lead smelting 
we extremely complicated. They vary with temperature, 
and with slight variations in composition, and the addition 
ot any sobstance whatsoever, even in small quantity, 
will alter altogether the course of the reactions. Mr. 
l^uioay himself has admitted and shown, in fact, that lead 
smelting is extremely complicated. He has shown ns that 
at different temperatnres the reactions alter; but I do 
not think \e has taken sufficiently into acconnt that this 
fact may go even farther than he himself has carried it. 
As regards certain experiments he made with liquid 
Bulphurons acid, it does not appear to me that the qaeation 
of vapour tension and dissociation have been sufficiently taken 
into account. I think that if they are taken into account we 
shall see that the explanation is perfectly simple, and in 
some cases somewhat different to that given in Hr. 
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afc the date of the publication of Dr. Percy's book. He 
himself refers to it at page 50 and page 37. It does not 
appear from the statement in Dr. Percy's book that he or 
others at that time appreciated the fact, if it be the case, 
tliat the sulpWde of lead forma a definite compound with 
water vapour^ carbonic acid» and other gases^ and is thus 
yolatilised as a componndj bat that sulphide of lead 
was volatilised when brought into contact with water 
vapour was known. The fadt appears from Mr. 
Hannay's experiments that on lowering ' the tempera- 
ture this body breaks up. He further says that the 
compound of sulphide and oxide of lead also breaks up 
on lowering the temperature. It suggested itself to me 
Whilst listening to him whether this volatile compound of 
a gas and a solid — the result of the action of carbonic acid 
On sulphide of lead — was not the case of the 
solution of a solid in a gas. It does not appear an im- 
possible case^ although it is not one with which we are 
familiar. Mr. Hannay himself has told us freely that 
tbe work he has done has not advanced the practical 
side of the question one iota. Whatever may be 
the case with regard to the reactions^ the practice remains 
the same^ except in so far as he proposes what he calls a 
new metallurgy of lead. Now^ the reactions which he pro- 
poses are quite possible doubtless on a certain scale, but one 
is brought face to face with the question of condensation. 
The question of the condensation of lead fume has always 
been looked upon as one of the most difBcult problems in 
metallurgy. It is one which gives immense trouble at 
present, and I think I am quite safe in saying that it has 
not been satisfactorily solved on a practical scale. I would 
therefore ask Mr. Hannay to tell us how he proposes to con- 
dense on such an enormous scale the fumes which he 
proposes intentionally to produce^ and which, when unin- 
tentionally produced in the present method of smelting, 
gives such an enormous amount of trouble. As regards 
the fuxinace in which these operations are to be 
carried on — the Bessemer -— he tells us that it 
i^ to be lined with basic material^ but I should 



( 218 ) 

be very macit snrprised, indeed, if lie could fiad 
for Ilia purpose anj baeio matori&l which would not 
be greatly corroded by the oxide of lead. Oxide 
of le&d acta Tigorooaly on moat oxides, ia feet, I might 
Bay on all to a certain extent, and it should be recollected 
that one has Dot got sulphide of lead pure and simple, bat 
the ordinary sulphide of lead of the smelter, which contains 
slag and other things which wonld materially assist in the 
corrosion of the lining. As to rule of thumb, it is 
simply the outcome of experience, and is really the nature 
of science ; it is the outcome of the carefnl observation of 
competeat men, and not of " Tom, Dick, and Harry." It 
is the sum of the observations of many men who, although 
tiiey may be in humble positions, have good brains and 
accurate powers of observation. The Bessemer process 
itself, which is sapposed to be the father of this procesSj 
was no role of thumb process ; neither was the Siemens 
process, and these are the two greatest processes at the 
present day used in the manafacture of steel, which is tbe 
greatest metallurgical indostiy we have. Again, in the 
treatment of silver, we have the Claudet process, which wag 
invented by the father of a member of our Council. That 
is a most scientific and extremely valuable process, and 
no one without considerable scientific acquirements could 
have possibly invented it. The steam engine of the present 
day is the outcome of science; it never was a rule of 
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experiment showing the prodaotion of lead by the inters 
position of carbon does not bear on the theory of lead 
smelting^ as carbpn is not present daring smelting^ and its 
presence would be deleterious. Besides this, carbon acts in 
a curious way, as is instanced by heating PbCU with carbon 
in presence of some air when metallic lead results^ probably 
from the formation of oxychloride and its reduction by 
carbon^ COCI2 being given off. 

The litharge present in smelting arises from the oxida- 
tion of the lead set free, and this formation of litharge 
is the beginning of the formation of slag. In reply 
to Mr. CoHins as to the condensation of fume^ a con- 
denser was invented some years since which is absolutely 
perfect, and condenses 99.99 per cent, of lead fume in 
a space of 20 cubic feet. In treating 10 tons per 
day only 24 lbs. is lost by passing the condenser. In reply 
to Mr. Bickard, reference was made to the work of Dr. 
Bosing, who has shown that by passing air through molten 
lead it can be purified from antimony, arsenic, &c., and very 
hard lead rendered beautifully soft : in fact, analyses show 
99'99 per cent, of lead, and only 2 ozs. per ton of impurities 
after this treatment. By the new treatment proposed the 
work is reduced to a point of complete simplicity, there 
being no roasting or preliminary treatment, and the fusion 
of the galena is carried out by the heat of its own oxidation^ 
so that all that is required is galena and air^ and instead of 
treating one ton at a time and taking eight hours for treat- 
ment, ten tons are treated at a time and the operation is 
complete in under one hour. In the production of the pure 
volatile compound PbSsOj, there is a very minute volatilisa- 
tion of silver less than occurs in smelting. Of course, in the 
presence of arsenic and antimony gold is carried over, but 
the cases of galena carrying much gold are rare. 
Then what we call rule of thumb is simply the result of 
clever men using their brains by observing how the best 
result can be arrived at, and they are as much inventors as 
trained chemists, the main difference being that while the 
clever workman may give you a good process, the chemist 
tries to throw light on the rationale of that process^ and to 
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dear tlie gfroand all ronnd it, so that tbd knowledge sd- 
gained will serve to point the wny to imprOTemenis ia the 
ftitore. In short, while the present position has lieen 
gained hy mle of thnmb, the fntnre prof^ress is moolded 
by the work of the scientific investigator. Bat many of onr 
greatest indnstries are entirely due to the purely scientific 
researches of the trained chemist. In reply to Professor 
Hnotiagton, I purposely quoted Percy's heading "Supposed' 
snb-sulphides of lead " in order to show that he (Percy) did 
not believe in their existence. Although Bodwell pointed 
cot the oxidation of galena in powder when wet, he did 
not give the true speoifiu gravity which was my 
object. Percy simply mentions one formula PbS + PbSOj 
= 2Pb + 2S0i as the only explanation of smelting, and 
then throughout his whole book he shows that the whole 
matter is little understood, and he calls for further investi- 
gation. Although the paper shows that the furnace re- 
actions of lead are extremely complex, these re-actions do 
not take place in a lead famace, and the action of smelting 
is really in the main very simple, and consists in baming 
out the sniphur and then fractionating the mixture of lead 
and its sulphide into its two terms. Of course solphate of 
lead is sm^ted, but generally by the ore hearth or cupola 
furnace with carbon. The compound PbSgOg may be a 
solntion of a solid in a gas, but as its composition e 
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there was twice as mncli sulphate as was necessary lead was 
not formed. 

The PfiSSiDSirr : If we have learned anything to-night^ 
it is that the complexity of lead smelting still continues. 
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SIXTH ORDINARY MEETING. 



The Sixih Obdikaby MBiruia of the Third SessioD was 
held on Wednesday ereoing, 16th May 1894, in the 
Leotore Theatre of the Geological Mosenm, Jermyn Street, 
S.W., at 8 o'elosk. 

Professor A. K. HnNTiMaTOS (President) occupied the 
chair. 

The minntea of the last meeting having been read by 
the Secretary and duly confirmed, the discnssion on Mr. 
Qarland's papflr was then oonclnded and replied to. 
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NICKEL MINING IN NEW 
CALEDONIA.* 



DISCUSSION {Concluded). 



Mr. B. H. Williams contribated the folIowiDg remarks^ 
which were read by Mr. J. H. Collins : — 

The subject is full of interest to me, having been the largest 
producer of nickel ore in Europe, and associated and interested 
in the trade for some eighteen or twenty years. Between 1852 
and 1860 the price of refined nickel varied from 10s. to 7s. 
per lb. The nickel ore I raised and sold from the S. Austell 
Consols Mines realised ^80 to ^84 per ton. This same ore 
now would only realise £15 or ^20 a ton. The mines pro- 
ducing this ore in Cornwall previous to the discovery made in 
New Caledonia were the Pengelly Mine, the Fowey Consols 
Mines, and the S. Austell Consols Mines. In Scotland the only 
mine I know of was one in the domain of the Duke of Argyle — 
the ore, magnetic pyrites, producing some 3% of nickel. It is a 
remarkable fact that so early as 1790 D'Entrecasteaux visited 
New Caledonia, and in his description says : *'The inhabitants of 
New Caledonia are not acquainted with the use of the bow but 
are armed with darts, slings, and clubs, which they make with a 
great deal of care. Besides fish, which is their principal food, they 
eat a kind of large spider. The land being in general barren, to 
appease hunger the men eat a sort of greenish soft steatite." I am 
of opinion this greenish soft steatite was the silicate of nickel seen 
in stripes down the sides of the mountains. I have now by me 
specimens. of green indurated clay, rich in nickel, and it is most 
remarkable it should have been eaten by the natives. At the same 
time it shows clearly that silicate of nickel can have no injurious 
effects on the human system. The scientific members of the 
French Commune that were sent out to New Caledonia as convicts 
soon made themselves acquainted with the contents of this 
greenish soft steatite, and the restdt has been to, I think, close 
all the other nickel mines in Europe. 

* A paper read oh February 21st 1894. See page 121. 
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Mr. S. HxBBiBT Cox then read Mr. GIftrlaDd's r^l;, 
wHicb was as followg : — 

I regret very tunch that a long illness has prevented my 
replying to the disonssion on my paper, on "Nickel Mining 
in New Caledonia," at an earlier meeting, and that eren 
now I hare been obliged to narrow down my remarks to a 
degree that will, I fear, canse disappointment to many of 
the members who took part in the discnssion. I trust, 
howerer, that the cironmetances of the case will ensure tite 
indulgence of all, and will be regarded as some excuse for 
the incompleteness of my reply. Mr. Cox asks whether 
any deep sinkings have ever been made to determine if th6 
deposits of nickel ore which have died out and passed into 
siUcate of magnesia occnr again at a greater depth. No 
anch case came under my notice, and, I believe, no snch 
desirable trial has ever been made. 

No copper occurs in the nioketiferous serpentine district; 
but this metal occnrs and has been Woriied at Balade in the 
extreme north of the island, and is there met with, I am 
informed, in the schist formation. Qnite a variety of copper 
ores have been found there, bnt I believe the silicate does 
not occur. 

I have beon twitted, in a friendly way, by one or two 
speakers for my seeming inconsistency in objecting to the 
two names (}aruierite and Noumeaite being applied to what I 
regard as the same mineral, and then, having the temerity 
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ii millet t>e remembered tliat the relative specific gravities ci 
tbe ore and its gangue (serpentine) does not admit of water 
concentration^ and that the only concentration possible is 
that described in the paper — viz. ; — dry dressings cobbing^ 
screenings and hand-picking. Undoubtedly^ if the cobbed 
and hand-selected portions only were utilised as a market- 
able product^ the percentage of the ore would be something 
like doubled; but the crude smalls which form the bulk 
of the ore and which does not admit of concentration at all^ 
are mixed with the richer portions^ and thus the percentage 
of the metal is reduced to the average which, I am informed, 
is about 7 or 8 per cent. 

As to the wire rope tramways : for mountainous districts, 
I do not think there is any means of transport which is at 
once so economical, so effective, and so universally appli- 
cable. Mr. Bickard has given us a lengthy and useful 
speech, to reply fully to which would inflict another paper 
upon this meeting which I shall not be so indiscreet 
as to attempt to do. I do not find in my paper the 
statement which Mr. Bickard attributes to me, that the 
only public company in the island is La Societ6 le Nickel ; 
my statement was that this company, though not th6 
only nickel mining company in the island, is by far 
the most important. He further states that all the ore 
is not in the hands of the Nickel Company. My 
information^ obtained on the spot, is that the Nickel 
Company are the purchasers and the shippers of all thd 
nickel ore raised. I understand, however, that the 
managers of some of the mines are not satisfied with the 
prices they obtain from that company, and that they talk 
of shipping their ores direct to Europe. Mr. Bickard 
states, on the authority of friends of his, that the mines are 
capable of producing not 60,000 but three times 60,000 tons 
per annum, and that they have produced as much as 100,000 
tons. I make no statement in my paper as to what they 
are capable of producing. No doubt they could raise much 
greater quantities if they were to work more mines and 
employ a greater number of men, but what they were 
actually raising at the time of my visit was, roughly 
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qiealJQg, 60>000 metric tons. la 1891 tlie total quantity 
.prodnoed was 61,426 metric tons, and for the half-;ear 
ending SOCh Jdne 1892, the tot^ raibings vere 3^5,7 
metric toDB, or at the rate of 69,114 toDB for the year. 
These figares maj, I think, be taken to be qaite reliable> 
as I obtained Uiem from the highest authority — the Mining 
Department at Noumea. I was, moreoTer, given to nnde^ 
stand by variooa mining men that those fignres had never 
before been reached in any one year. My information, aa 
will appear from my paper, extends only to the aatnmn of 
1892 when I left the island j perhaps Mr. Bickard'a 
information is of more recent date. 

Mr. Bickard is qaite right in assaming that I have 
no desire to do injustice to the natives. My remarks 
.—which were, I baliere, well -grounded- — applied, bow- 
ever, to the natives of New C^edonia, while Mr. 
Bickard refers to those of the Loyalty Islands, who 
are, I nnderstand, good workmen. It is edifying to 
note the off-hand way in which my friend disposes of 
the qaestion as to how the nickel deposits occur almost 
invariably in elevated positions; bnt when he tells na 
it does not reqaire much ability to account for it, and 
proceeds to inform ua that the ore has not got np there, 
but that it is simply a qaestion of denudation, one feels that 
the explaaation does not quite cover the ground — it does 
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are met with in such a number of places over the immense 
serpentine areas, there is no probability of their being 
exhaasted for a very long period. 

.Some promising seams of coal have been discovered, 
notably at Dambea^ where they have been exposed by day 
levels, but no attempt to work 6oal on a commercial scale 
had been made in the island up to the time of my visit. I 
think we must all appreciate the useful information Mn 
Bickard has contributed to the metallargy of i^ickel. 

Mr. Fowler asks if I know of any analagous deposits 
to those of New Caledonia. I understand that similar 
ores are found in two or three places in the United 
States, as in North Carolina and in Oregon, and that 
they occur in connexion with serpentine rock. I have 
Been a collection oi specimens of the ore from Oregon and 
the difference between this ore and the Gkimierite of New 
Caledonia is scarcely distinguishable. As far as my inform- 
ation goes New Caledonia is the only place which has 
hitherto yielded the silicate ores of nickel in important 
quantities. Ihe sulphides and arsienides of nickel are not 
:inet with in the serpentines of New Caledonia. The out- 
crops are generally simply green coatings of low grade 
nickel ore on the weathered serpentine rock. 

As to the origin of the deposits I think they are probably 
.segregation veins, and inasmuch as the enclosing rock is 
Jound to contain 0*25 % to 0*75 % of nickel, there can be little 
doubt, I imagine, that the filling of the veins and joints has 
been due to lateral secretion, or the leaching out of the metal 
from the serpentine, and its subsequent deposition in the 
form in which it is now found. As to the origin of the 
red earth which Mr. George Collins inquires about : — of the 
two theories he mentions I shoidd be inclined to adopt that 
of Levat — that it is an alteration product of the serpentine. 
The cobaltiferous wad, locally termed " Cobalt terra,'* is 
being worked to a very limited extent. It contains, on an 
average, about 3 j- per cent of the oxide. 

I do not know if Mr. O'Donoghue intended to convey 
that it is a common practice to shift the cable tramways 
from place to place when the vessels come round the coast 
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to be loaded. No case of this sort came under mj 
obBervation, or to tny koowledgei and seeing that a large 
proportion or those cables are fixed in almost inaccessibly 
places, I should hare imagined it would, as a rcle, be 
impracticahle to adopt a plan involving so much labonr, 
loss of time, and expense. The double line aerial tramways 
referred to in my p^er cannot certainly be rightly deaoribed 
as " little simple thiiigs which are moved from one place to 
another." 

Mr. Kitto contributes some interesting remarks on the 
metallorgical side of the subject which my paper does not 
profess to deal with. It only remains for me to thank the 
members for the kind way in which they have received my 
paper. 

The Chubhan : I am sare our thanks are due to Mn 
Garland for his interesting paper, which is one of con* 
eiderable value to the Institution — a sort of paper that we 
want more than any other, because it is the outcome of 
investigations carried ont on the spot, and the diecnssion 
has also been of a very interesting character. From the 
work of Mr. Claudet, I think it is pretty clear that Uia 
chocolate ore, or "chooolite," as Mr, Garland describes 
it, 13 nothing but a mechanical mixture of oxide of iron 
and silicate of nickel. The result of treating this material 
with hydrochloric acid, as performed by Mr. Clandet, showi 
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THE SAMPLING OF ORES AND 

TAILINGS. 



By Thomas Glabkson (Jfem&ar). 



Onx of the most frequent operations with which the 
metallurgist or mining engineer is concerned is the assay- 
ing or analysis of raw material and prodacts. Great im- 
})ortance is necessarily attached to this operation, supplyii^g 
as it does the qaantitative basis upon which has to rest aill 
calculations relative to the determination of values^ or 
rielative to the question of economical treatment, the amount 
6f loss, the degree of fineness^ &c. Assaying is some- 
thing of an art but is also a good deal of a science, having 
attained to a very high degree of precision, and necessitating 
the use of the most delicate and sensitive instruments for 
the measurement of weights that can be devised or con- 
structed by the refined mechanician. The saying that ''A 
science advances only in proportion to its power of accurate 
measurement,^' is now so familiar as to have become almodt 
tk platitude. It is not easy to imagine what was the condition 
of the science of metallurgy, if science it could then be called, 
when assaying was scarcely known, or but little practised. 
It is clear that intelligent work would be as unlikely as 
for a man to safely traverse a dangerous pathway by night 
without the aid of a lamp. Under such circumstanceTs 
success could be had only by sheer luck. Yet, even since 
the art of assaying has supplied '^ a lamp above ground [* to 
the miner, it has happened, and not very long ago^ that a 
deposit which was worked unsuccessfully for copper, was 
proved by other workers to be a gold mine. If a proper 
iknalysis had been made, such a mistake would not have 
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been possible. This case is probably not very exceptional 
as an illuatration of the insafficieut practice of assaying. 

We are now led to ask, what are the reasons for tliis 
insufficient practice of assaying f There are probably 
several reasons for this; one is nndonbtedly the lack of 
appreciation of scientific methods of work, which is doubt- 
less owing to deGcieat tecboical training. Perhaps another 
reason may be that some managers love darkness rather 
than light, becanse tfaey fear tiiat the process they are 
working is not quite so efficient as tfaey would like to 
believe; and it the search light of the assay were focnssed 
npon all their products, it mi^t reveal an nnwelcome 
condition of things. Perhaps this reason is exceptionaL 
Another reason is, that the preliminary operations to assay- 
ing have not yet been brought to such a degree of perfec- 
tion as in every case to place the assayer's report above 
doubt and saspicion. For example, it may be stated^ in a 
prospectus, that the assay of a portion of quartz from a 
certun mine is 1,000 ozs. of gold to the ton, and this may 
be certified to by one of the distinguished members of this 
institution, whose name would be of coarse quite suffioienk 
guarantee for a bona fide assay. Tet this report ia 
generally of no practical use as an indication of the value 
of the property, simply because there is no guarantee that 
the portion of quartz is an average of what there is in &e 
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aelectton combined with laborious hand mixing. Tbid is 
a sufficient explanation of variations and errors^ for the 
human machine is^ as every one knows, pecuKafly subject to 
variations^ and to the influence of extemial forces which 
may be either conscious or otherwise. Thetie is no refison 
why hand selection should not b6 abolished for mosi 
sampling purposes ; in fact, with one or two exceptions, 
there appears to be every reason why it should be altogether 
abolished^ when the work can be done by' machine with 
uniform accuracy and with less than a tenth of the formei^ 
expenditure of time and money. Sampling by machine ii 
not a new idea in America, although it is a iiovel practice 
so far upon this side of the Atlantic. With that mechanical 
spirit, which is so characteristic of them^ the Americans 
have designed several machines for sampling, which have 
been used for some time, and although not free from defect^ 
they have proved a great advance upon hand work as t6 
general convenience, rapidity, and efficiency. 

In the machine before you^ the defects of former 
machines have been eliminated. It has been tested by 
American mining engineers^ even by some who ar^ 
interested in the construction of other samplers, and the 
unanimous conclusion has been that this machine is a great 
advance upon anything they had, and that its operation is 
practically perfect. As to this, the machine will presently 
speak for itself by a practical demonstration, and in a fa^ 
more eloquent manner than I could possibly attempt^ 
Some of the members of the institution are familiar with 
the machine, but in order that the practical tests may be 
inteUigible to all, it is desirable to explain the general 
construction and action of the machine, as well as the nature 
of the proposed trials. 

Going to the first elements of machine sampling, suppose 
that we have a fixed hopper delivering a stream of Ore* 
This stream may be divided by a vertical plate into two 
parts, but as the contents of the hopper may be richer Upon 
one side than on the other, we cannot be certain that thd 
two parts into which the streatu is divided are of thi^ samij^ 
villne and coxiiposition. ^methinjg moref is- necessary tb 



( 



) 



^Dsare this identity of oomposition. This eometbingp is 
Bnpplied bj giving the topper a rotary notion, so thsk 
liowever vari&ble may be tbe valne of the ore in difEerenl 
parts of tbe hopper, each part comes in turn over. each aide 
o£ the dividing plate. If the edge of the plate paases 
exactly throagh tiie centre of the rotating stream of ore, 
then Tre may be confident that tbe two: portions of ore are 
of the same composition, and fnrther, they should be of 
praotically the same /vreight. Each of them would be a 
50 per cent, sample, bat this is much too large for 
ordinary parposes, therefore something else is necessary 
which will enable a smaller percentage to be taken 
without unnecessaTy repetitions. Tour attention is now 
asked to a little elementary plane geometry. If we 
make a drawing of a section of the rotary stream, it 
would clearly be a circle, and the edge of the dividing plate 
would appear as a diameter of tbe cirde. Every circle 
contains, according to current geometrical notation, 360 
degrees, and a diameter divides a circle into two portions 
each of 180 degrees. Two diameters at right angles divide 
lip the circle into 4 segments, each of 90*, and similarly, 
S diameters eqnally spaced split np the circle into 10 
segmeota, each of 36*. Now consider what would happen 
if a rotary stream of ore were divided by a number of 
plates arranged radially from the centre of tiie stream, so as 
to make angles of 36* with one another, it is clear that the 
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ttiis, too^ withoair increasing its angle. The obvioas 
solution is to make the material spread out ,to Sk large 
4iftR2&t6rj.in.j:)Jther words^. instead of a solid stream to use a 
hollow one, which can be expanded to operate upon any 
required width, of segment. This spreading out is easily 
effected by placing a cone^ so that its point splits centrally 
the solid rotary stream as it is delivered by the hopper. 
We have now collected from first principles all the elements 
of a perfect sampling machine^ and all that is necessary is 
to design an apparatus «which will embody all these elements. 
Such a machine is the one before you. It is provided with 
a large storage hopper above the rotary hopper, and also 
with an arrangement by which the cutting segments can be 
rapidly changed from 36'' to 18* or vice versa, 90 as to take 
either JIO per cent, or 5 per cent, samples. Care has been 
taken to prevent the retention of any material in the 
machine, by giving all the surfaces over which the ore 
passes a steep incliniation, and by excluding all flat ledges. 
This is, perhaps, all that need be stated in order to make 
the general construction and operation of the machine 
clear. 

Having designed a machine according to a geometrical 
principle, it is interesting to all engineers to know how the 
practical results correspond to the theory when the machine 
is put to the test. As to this, the machine will now speak 
for itself. We will subject it to one of the most severe 
trials that could be applied to a sampling machine, and the 
precision of the work will be tested by making a mechanical 
analvsis of the samples obtained before you. The material 
I propose to use is « a mixture of three substances of 
different size, shape, and specific gravity. We will first 
weigh each one singly before combining them, so that we 
ihay know the exact composition of the) mixture. Then, 
without any preliminary attempt to mix the three materials, 
the bulk will be passed through the machine, and two 
samples will be taken, each of 10 per cent. Their weights 
will be compared with one another, and with 10 per cent, of 
1/he bulk. Each of the samples will be then separated into 
its constituents by sifting, and the percentage of each 
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ooMtitnent ascertained by weti^ing, and compared viththe 
percentage of each constitnent in the bulk.* 

* Deteriptum of tht ExptrimewU. — Tfao three mtomU'irhieh had 
b«en uleeted for the weighing ware trtieftt, peM, ajid auid— (or the two 
iMUona tliat moh nuitemlB m praotitsallj nnmixable, »nd thenfots 
moat difficnlt to sunple in the ordinu; way ; bnt, ■Ithmigh diffioolt to 
sample cuch t, mixture, it ii veiy ee^ to teM the tooanuij of the 
mupliog hj dfting out uid weighing the eot»titii«ntik A tnixtme wu 
then ptep«red hjr weighing oat 

120 lb. of wheat 
.7*6 „ peM 
^a „ nnd 

26-0 
Aa eaeb lot waa weighed it was thrown into the hopper of the maoliine, 
the result being that the materiala wen in a more or lew atratified form, 
or, in other words, they were as badly mixed ai was posaiUe. When 
the three lots were weighed ont Ilia mmtiin^ waa turned, and th» 
mateiial allowed to bll into it by drawing oat a slide. In a few 
Seconds the work was done, and two aunplea were obtained which each 
weighed 30 lb., or 10 % of the bnlk, thna proving the precision of the 
machine in taking portiooa of definite percentage. Then, to prove that 
the portions were true samples, one of them was aifted so aa to separate 
the three conslituents. These were tbep weighed, and gave the 
following results : — 

1-26 lb. of wheat 
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A small size machine, weighing about 7 Ifos. has been' 
made of alaminiam. This may be found very useful for* 
prospecting purposes. Of course, the prospector, in cutting 
down his kit to the lowest possible weight, is more 
particularly concerned about what he can dispense with, 
rather than what he can do with. And the best man in any 
emergency will always be the one who can accomplish the 
piost with the fewest number of appliances; but all the 
same, the superior accuracy and precision of machinery will 
always tell in favour of its adoption. 

The operation of the machine is not confined to any 
particular class of materials. Without any alteration, it' 
may deal with solids of various sizes from, say, six inoheB 
doWn to flour, and with but slight modification the machine 
will operate with equal eflSciency upon liquids and pulp. 
This brings to notice a very important matter — ^viz., the 
reliable sampling of tailings from a gold stamp mill, to 
ascertain the amount of loss of gold, and the value of the 
tailiugs, with a view to their subsequent treatment or 
disposal. To obtain trustworthy indications by hand needs 
very regular attendance at stated intervals, say every hour, 
for the purpose of taking a portion from the stream. It is: 
important that an equal portion be taken each time, and 
when it is also remembered that the value of the tails at 
different points across the stream may vary, the difficulties 
are seen to be considerable. The difficulty of properly 
sampling tailings was pointed out to the author by one of 
the members of this Institution, and a machine has been 
made- upon exactly the same principle as the one shown for 
solids, but with necessary modifications of detail. It is 
found that the principle of a rotating annular stream applies 
very Well to a mixture of solid and liquid such as battery 
pulp^ and as the solid is all finely crushed, it is possible to 

On releasing a plug at the Jbase of the bia, the ore descended into the 
sampler, which took two samples of 6 %, and the rest of the ore then 
fell into one of tbe empty trucks beneath. The final demonstration was 
with the laboratory dividing machine, which was used to split up a 
sample into six equal and exactly similar parts. This operation was 
successfully completed in less than six seconds. 
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take a ' sample of only 1 per cent, at one operation, Tlie 
tailings from 5 bead of stamps can be easily passed tbroagh 
one sampler as t^ey Sow away^ a true sample is retained 
and the balk passes on. Suppose tbst in 24 boura the five 
atamps crnsbed 25,000 pounds, or aboat 11 tons, and that 
10,000 gallons of vater are nsed. A 1 per cent, sample of 
this would consist of 250 lbs. of quartz and 100 gallons of 
vater. Now this would be too large a sample to deal withj 
BD it is reduced by taking a 1 per cent, of it on a smaller 
sampler, forming really a part of the other one, so that the 
<^>eration wonld go on -continuously without any ■ inter- 
laediate handling. As the net result of the day's work, we 
ahoald have. 2} lbs. of quarts in a gallon of water, quite a 
manageable quantity, which could be collected iu a looked 
yessel if necessary. As representing this sample, I have a 
gallon, of water in a vessel, and 2^ lbs. of dried tailings in a 
sealed bottle, which can be labelled and kept for future 
examination. la this way, an automatic daily record of : tbe 
value of the tailings cosld be kept, somewhat corresponding 
ti> oar daily barometer charts, and as the persooal element 
^oea not come into the sample, every confidence could be 
placed in the accuracy of the. result. 

The adoption of such an automatic arrangement of 
aampliug would throw full light upon the condition of 
things at the tail end of the battery, enabling the exact 
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exceptions where liand selection is indispensable. If it was 
possible to pat the whole of a lode through the machine, I 
would recommend it to bo done^ but failing this^ a large 
sample — ^and the larger the better — should be carefully 
selected by hand, then crushed and passed through the 
machine. Speaking generally, this system can be applied 
to all materials that will run, or that can be made to run 
from a hopper, whether solid or liquid. • The above 
examples are cited as indicating rather than exhausting the 
usefulness of the machine. Before bringing this somewhat 
rambling paper to an end, I would like to refer to the 
President's admirable address, in which reference was made 
to the great progress which has been achieved in the 
metallurgical industries of America, and to the increasing 
keenness of the competition between the Old and the Ne\<r 
World. 

Permit me, in conclusion, to emphasise one reason for 
this state of things. In America the mechanical spirit is^ 
strong and vigorous — ^that is, the spirit which prompts the 
adaptation and adoption of machinery wherever possible in 
the place of hand labour, and the attitude of Americans 
towards the investigation and adoption of new departnres 
and improvements is generally described by the expressiM, 
'' Why shouldn't we/' whereas with us the general attitude 
is> *'Why should we": why should we, until compelled, 
revise our methods, and disturb a condition of things which 
has been as it is for so many years. It is thus about 
sampling. The present methods are the outcome of many 
years of practice, and they embody the results of many 
disputes between buyers and sellers. It is, therefore, only 
natural that there should be hesitation in abandoning the 
old way in favour of a new one. But when it can be con- 
clusively shown that there is a much better and cheaper 
way, further delay in the adoption of the superior system 
can be only accounted for by prejudice. However, as 
prejudice is an expensive indulgence, sooner or later the 
pocket is touched, and then prejudice yields before the 
irresistible advance of true practical science. 



DISCUSSION. 



Mr. C. Aloibhos Mobiino : Aa for as I am aware, 
np to the present time no machine so perfect lias erer 
been brought nnder the notice of mining engineers, 
althongh machines with the same object have been 
IQ tue in America. The resnlts of the experi- 
ments carried out this e7eQmg upon the rarioas mixtures 
bare been simply startling ; indeed, it seems to ms that in 
the fotare no gold mill can be considered complete withont 
this machine. One of the most essential features in 
treating gold ores by milling ia certainly to hare correct 
samples of the ore as it goes into the mill, and also correct 
samples of the tailings as they go away from Uie mill, in 
order to see what amount of the contents is being saved, 
and where the loss, if any, is taking place. Up to the 
present that has been not only a laborious operation, but 
moat inefficient and anything but scientific. Most mill 
men are not particularly desirous of haring good samples 
(^ the tailings ; in fact, they take care not to hare them. 
With one of Mr. Clarkson's machines we should have an 
absolute check upon the men, and I do not think, as I said 
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IS a pretjby diflScalt basiness when you have a large mine 
and a hard vein of quartzi; bat after you have got yoor 
large sample, breaking it down and then quartering it np is 
one of the most laborious and most unsatisfactory opera- 
tions that any man can undertake, because it is so difficult 
to get an accurate sample of the sample you have taken in 
the mine. I am sure it will be a great boon to inspecting 
engineers to have a little machine of that sort with theqi. 
If ever I go in for inspecting work again — and I sincerely 
hope I never shall — I shall certainly take one of them about 
with me. I cannot say that it will be of much use to the 
prospector. He is not a man who goes in for scieirtific 
sorting, and I think when Mr. Clarkson refers to the 
prospector he has probably in his eye the inspecting mining 
engineer, who is a much more ill-used individual. Of 
course, beyond gold mining and mine inspection there is an 
immense use for the machine in sampling all kinds of ores 
that are sold by sample, such as manganese ores, silver 
lead ores, and onany others. 

Mr. John McKillop said he had had much experience in 
sampling, and he wished to tender his thanks to Mr. 
Clarkson for having made easier a most difficult work. 
Some four years ago he had devised, with the assistance 
of a Chinese tinsmith, a machine which acted in something 
the same way. He had not had sufficient ingenuity to give 
a rotary motion to the machine, and consequently it was 
not quite so satisfactory a production as Mr. Clarkson's 
appeared to be. The greatest difficulty was that the stuff 
had to be reduced to a certain size — that ultimately adopted 
being one-sixth of an inch mesh — before accurate results 
could be obtained. Until the stuff was so reduced to size 
there were considerable variations in the samples. Another 
difficulty was occasioned by the fact that most of the ores 
reached the works damp and the machine became clogged, 
thus necessitating recourse to the undesirable practice of 
drying them. Ho should very much like to see Mr. 
Clarkson's machine adopted by the tin people down in 
Cornwall. Were the pulp leaving the batteries 
passed through such a machine, as well as the tailings, he 
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tbonght it woald go a long way towards ol>TiatiDg the ftightfol 
waste that went on there. When he was last down there 
he had'foand that one-sixth, approzimatel;, of tin pat oitt 
in Cornwall was taken away bj the stream and lost to tfa6 
shareholders. Tin mining in England was now in quite a 
safSciently sick state to warrant the introdiiction of soibb 
sAch check. 

Ht*. Thokas RicUbd said the Comiehman would bB 
extremely obliged to the last speaker for his commiseration, 
bat anlesa he were mistaken Mr. McKillop had not in- 
formed himself as to how sampling ^as done in Cornwall, 
and that was precisely the compbunt be had to miake 
against the paper. Instead of being a paper on sampling, 
it really gave a lot of padding about things which might 
advantageonsly have been altogether left out. The author 
had bronght np the old matter of gold being found i^ 
copper that by some means eluded the seller, and about 
mica and pyrites being taken for gold. These were the 
things he used to hear about in his childhood, and had long 
since been supposed to have been relegated to oblivion. Per- 
sonally, he did not think the Cornishraau was so far behind 
the age in his sampling, on the contrary there was no operation 
connected with mining anywhere which reflected more credit 
miner than the manner in which he dealt with upon the 
large parcels of copper ore. Mr. Clarkson might certainly 
have dwelt with advantage upon the extremely careful 
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there for the purpose of being critical — ^that the paper too 
much exalted the mechanical arrangements adopted in 
America. So far as he knew, the engineers of this country 
were quite as much alive to the necessity of adopting 
mechanical and automatic arrangements as the engineers 
in America. He thought the author had not given himself 
the same trouble to find out what was being done ia 
England as what had been done in America. It was^ 
perhaps, unfortunate for the invention that Mr. Clarkson 
had spoken of it as being recommended by the smelters at 
Swansea. As to the prospector, the machine would 
obviously be of no use to him whatever. He would never 
put one into his kit. There was a good deal of interest^ 
however, attaching to the question of how the machine 
was applied in taking a sample of effluent tailings. Perhaps 
Mr. Clarkson would explain whether there was any inter- 
vention of hand labour in the operation, or whether it was 
carried out under lock and key so that it could not be 
meddled with, and whether it would register its own results. 
Having said so much in criticism of the author's paper, he 
would add that his excellent machine would get plenty of 
commendation, and he should regret it if he were not as 
forward as anyone in adding his word of praise and satis- 
faction at the manner in which Mr. Clarkson has overcome 
the difficulties incidental to the production of an effective 
mixer — such as he held the machine to be. 

Mr. James Maoteae: I scarcely agree with the last 
speaker, who speaks of this machine as not being a sampler 
but a mixer. Now, I do not see how any machinei can bei 
a sampler without being a mixer. The whole gist of a^ 
sampler is the complete mixing and the taking out of a 
proportionate part of that mixture* We have had machines 
of this kind tried in America, more particularly where cones 
have been used with slots in them of varying sizes bo as to 
take out varying. proportions. As far back as 1884 I saw 
these machhies at work at Denver, and they worked 
apparently very well; but there was always the difficulty 
that there might be a particular stream going down- 
between the two openings of the cone, and you did not 

16 
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thereEoie get sA tlbaolntely aoonnite sampleL To show the 
Bbsolate Deoesaity of nccorate B&mpling, I may state tliat 
at one time I iras osing very large quantitios of pyrites, and 
I Lad under my charge tkree works. We bonght the 
oopper, and after haviiig burnt the pyrites we re>Bold the 
cinders containing the copper. Now, owing to the fact 
that the dry assay on which the copper is sold is affected to 
9 considerable extent by the richness of the orC) tbe rrault 
of snch an operation aa baying green ore and selling the 
bnmt ore shonld always leave a very fair profit on the 
transaction. That profit, we calculated, should have been 
between ba. and fis. per ton at that time, and for some years 
^t one of the works the profit ran from 5s. and Ss. a ton, 
and even np as bigh as 7s. 6d. a ton one year. Another of 
the works, however, not only did not make that profit, bat 
for two years rauning had a considerable loss. I in- 
vestigated the matter thoronghly, and found it to be 
entirely due to the question of sampling, and yon may 
imagine what a serious matter it was when I tell you that 
in tiiose works there were over 1,800 tons of pyrites a 
month on which a profit should certainly have been made of 
at least 4s. a ton. Of course, no manager can conistantly be 
on the spot to see samples taken of 100 tons a day, bat if a 
whole wa^on load conld be tipped through a machine like 
this, and aliquot parts taken out, as apparently can be done, 
then such risks of loss should be very mui;h reduced. 
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oftlie tm raid^ from the mines in Cornwall goes down' the 
rivers and is afterwards reoovered from them is no evidence 
wliatever of bad work at the mines. The fact is that the- 
bne^siztli afterwards recovered, like the five -sixths 
originally recovered, costs in the first instance very nearly 
si^: much to get as it is worth — a fact which is not to be 
overlooked. If the one-sixth were subsequently got for 
nothing, there would be room for commiserating the 
poor shareholders. I should like Mr. McKillop and other 
gentlemen w,hb seem to think that this wanton waste of 
tin is going on in Cornwall to consider sdch a problem as.' 
this. I dould take them to one place in Cornwall where, 
during the whole of last year, and at the present time, tin 
ore is biding quarried and trammed and crushed and dressed 
for less than Is. a ton, all told. Now, if Mr. McKillop can 
tell me of any place in the. world where such work is done 
at a cheaper rate, I shall be glad to know of it. 

. Mr. J. B. Hannay : The motion imparted to materials 
on the surface of rotating cones (and it is immaterial 
whether the cone or the material rotates) is being used 
more and more as a method of obtaining uniformity of 
mixture. Although the machine exhibited is not a mixer, 
as it does not mix the upper and lower layers, yet it is 
more than a divider, because if some material comes down 
one side of the rotating hopper, it is distributed by the fan- 
like motion so as to spread it equally round the circle. 
Hence it seems to be a distributor and divider, and to do 
the work with great accuracy. There is a wide field for 
its use in chemical works for sampling salts, &c. 

Mr. McKiLLOP said that when he referred to the use of 
ihe machine in Cornwall, he was not speaking of sampling 
the stufE BS it came from the mine, but of sampling the pulp 
as it came from the stamps. 

Mr. A. C. Claudet said he would like to have one point, 
cleared up; whether the machine was a mixer or divider.. 
It seemed to him that it was essentially only a divider or 
sampler, and not a mixer. ' 

Mr. AG. Chablkton: As far as I know there are two* 
classes of samplers in use, one in which the whole stream 
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is taken part of tlie time, and tEe other in which part of the 
■tream is taken tbe whole time. It is a very important 
point to determine to which of these two cUsses this 
particnlar machine belongs, beoanse I have heard it stated 
by American mining engineers Uiat, so Car as their 
experience goes, the best results have been obt^ned by 
machines which took the whole material part of the time. 
Ton hare examples of snch in the Brnnton and 
Bridgman machines. The whole stream is deflected from 
its course and falls into a separate receptacle, by which a 
2 per cent, or a 4^ per cent, sample, as the case may be, 
is got. The objection raised to machines which divide the 
stream during the whole time is that unless the ore is 
perfectly dry, or if it contained chips of wood or pieces of 
rag, the work is not always as satis&ctory as it would be 
when the ore is of an even grade. I think the great use of 
mechanical samplers — and they have been very largely 
iatrodaced indeed in the West— has been in works where 
ore is sent to a third party to be sampled for the buyer and 
seller. His returns are taken as the basis on which to 
determine the value of the sample and to come to an agree- 
ipent. As far as the accuracy of the sampling itself goes, I 
believe you could get juat as good results with hand 
sampling as with machine samphng, provided the hand 
sampling is carried oat on a proper system — that is to 




ahoald like to have some farther information. It seems to 
me that the question of sizeKmust to a certain extent enter 
into the matter. Yon cannot have material greatly varying 
in size. Then there is the question of moisture. There is 
no doubt that the machine, being a revolving one, would 
pass through it material in a condition which would not 
pass through a stationary machine. 

Mr. Thomas Clarkson : In describing such a machine 
there is necessarily a great deal which one has to leave 
unsaid, and, as it has been described in one or two oth^ 
papers, I have been most careful to eliminate every portion 
that has been previously spoken of. There appears to 
be a misapprehension as to what the machine is. It 
has been declared by Mr. Bickard, and one or two other 
gentlemen, that a machine, in order to be a sampler, must 
necessarily be an eflScient mixer. This appears to be It 
general notion, but it is an incorrect one. This machine is 
not a mixer, as it has been so emphatically declared to be ; 
it is a sampler — that is, it obtains a sample by taking an 
aliquot portion from whatever kind of materials may happen 
to be running through the machine at any instant, and it 
is perfectly immaterial whether the stuff fed into th^ 
machine has been previously mixed or not. Of course, 
thorough mixing is a sine qud non in hand sampling, but I 
do not require any mixing with this machine, and the 
material is delivered from the machine in very much the 
same condition as when fed in. Whether the first part that 
comes through is all fine, or all coarse, or of an intermediate 
character, it does not matter, because the machine takes thof 
same definite percentage of whateverkind of material happens 
to be delivered by the hopper at any instant ; and clearly 
the machine does not act as a mixer, for if all the rich 
material were at the bottom of the hopper it would rush 
through first, and not mix with the rest. Whatever is all 
the bottom of the hopper will be at the bottom of the 
receptacle, so. that no mixing takes place.. I dispense with 
mixing entirely^ but I am very glad that Mr. Claudet 
referred to that point, because it is not clear to many that a 
machine to be a sampler need not be a mixer, . I know it is^ 



(( "446 )) 

(« Ter; cotmnon idea. I aib arraid I am not qualified to Bpeak 
'of the sjsteniB ia yogae in Gorawalh All this macfaine will 
:do is to facilitate the exact meaBoremeiit of the value of all 
the materials. It will thus show what is going to waste, it 
>will show you the quality of the material going into yon'r 
'Stamps or concentrators, and it will show you what is goinf* 
out as tailings. It does not actnally save more ; bnt lb 
'shows where the work can he improved, by revealing^ 
where the loss is taking place, and to know yoor enemy is 
'oertainly half the battle. With reference to the Americans, 
I think everybody will grant that they are certainly ahead 
"of ns in mechanical contrivances. This is eztrethelj' 
patent to anybody who goes over there and sees how 
'mechanical ingenuity is brought into almost everything. 
^The Americans, however, have many advantages over as. 
They started with the advantages of Enropean experience, 
find they have no' old prejudices to overcome, snc^ 
(IB are so strong on this side. Still, although they 
have been nsing sampling machines for some time^ 
bne or two of which have been more particularly 
mentioned by Mr. Charleton, these are not so perfect 
as they should be. There are two systems of machines 
'— one for taking the whole stream of material for a 
portion of time, and the other for taking part of the stream 
the whole time ; the one intermittent, the other continnooe^ 
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menta I have made gpive » conclasive answer to thrt 
question. It is perfectlj immaterial whether the staff 
going into the machine is of the fiuest or of the maximum 
size that the machine will take. It is a peculiar feature of 
the annular rotating stream that although we may not know 
how the material is distributed, yet if a true segment of the 
stream is taken we can foe certain that it contains average 
portions of all sizes of material. Of course, this machine will 
not make men more conscientious than they are inclined to foe, 
font as I tried to show, it will put it foeyond the power of 
men to interfere with the operation of sampling. The 
whole operations, as I explained in the case of the effluent 
tailings, can foe done under lock and key. Professor 
Huntington has raised a point as to the size of material and 
the degree of moisture. The size of material that can foe 
passed through a machine has foeen largely a matter of 
experiment. At first, I calculated that the diameter of the 
nozzle of the hopper ought to foe afoout four times the 
maximum dimension of the largest piece, fout I have found 
from actual tests that nothing like that is required. As a 
fact, the nozzle of the No. 1 machine exhibited is 1^ inch in 
diameter, and has easily passed pieces 1 inch foy | inch, and 
of course there would foe other sizes smaller than that 
passing at the same time. That we need not troufole afoout 
in the smallest degree. There is a certain maximum size 
of ore for each size of machine — ^for example, a No. 5 
will take pieces up to S inches diameter, and it will, of 
course, also sample anything finer than this down to the 
finest dust. All that a man needs to do is to turn the 
handle of the machine, and so long as a fair rotation is given, 
it does not matter. As to moisture, tests have foeen made 
purposely with damp material — some of the dampest, finest^ 
and most refractory that could foe got, carrying from 15 to 
16 per cent, of moisture — and we have succeeded in getting 
it through the machine. It has foeen necessary, however, to 
nse a fixed steel folade passing down the side of the rotary 
hopper, so as to stir up the material, otherwise it folocks into a 
compact cone and will not rtln. Generally, I may say the 
machine will easily sample anything that will run or can foe 
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made to ran from the hopper ; and if neoessaiy not only can 
the sample hoxea be looked, Imt the whole machine can he 
made perfectly dost tight> as may be desirable for some 
pmrposes. 
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SEVENTH ORDINARY MEETING. 



Thb Sbyenth (and concluding) Obdinabt Meeting of 
the Thibd Session was held on Wednesday evening, 20th 
June 1894y in the Lecture Theatre of the Geological 
Museum, Jermyn Street, S.W., at 8 o'clock. 

Professor A. K. Hxtntinoton (President) occupied the 
chair. 

The Seobetasy having read the minutes of the last 
meeting, which were duly confirmed, and having announced 
the names of those gentlemen recently elected to the 
Institution, 

Mr. C. Algebnon Mobeing then read the following 
paper :— 
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THE MANGANESE MINES OF LAS 
CABESSES, PYBENEES, FRANCE. 



3t C. Alqikmcw MoBinia (Member). 



Thk mines yielding carbonate of mangaoeae at Lae Cabessea^ 
in France, are of special interest to mining engineers, as 
they are the only mines of this mineral worked on a large 
commercial scale — and, indeed, the deposits are the only 
ones of large size as yet discovered; moreover, haring bo 
recently been opened np^ their existencb add history is un- 
known to many members of onr profession. 

Till quite a recent year (1890) the only ore of manganese 
known to commerce was the block oxide, the main sonroeg 
of supply being Chili and the Cancasas- In 1880 a deposit 
of block oxide of manganese was discovered at Las Gabesses 
and mined in a small way by open workings. From 1881 
to 1888 about 5,000 tons of oxide, containing irdta 45 ,tfi 
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- In the following remarks, the Author ¥rill endeavonr 
to give a snccinct description of this important mineral 
deposit, which is desbined to play a considerable part in the 
supply of manganese ore to the iron furnaces of Europe 
and America. 

The mines are situated 15 kilometres (9*3 miles) from 
St. GiroDS, in the Departmient of Ari^ge. They are held 
under a concession from the French Grovernment, the only 
obligation being the payment to the Government of 5 per 
Cent, of the net profits of the undertaking, and compensation 
for surface damage effected by the mining works. A plan 
oE the concession, which covers an area of seven square 
kilometres (1,729-05 acres), is shown (Plate VII.). The 
district, being in the Pyrenees, is of course exceedingly 
mountainous. The concession itself is situated on the 
side of a mountain which rises very precipitously to the 
north from the Valley of the Nert. It is interesting 
to note that "EivSre Nert*' means in the patois of this 
part of Prance " black river,'* and has evidently taken its 
name from the black oxide of manganese met with in its 
bed. The geology of the district is readily grasped and 
presents no features of complication or difficulty to be ac- 
• counted for, except the deposit of manganese ore. The strata 
strike east and west and have a regular dip to the north of 
about 72*. The lower beds consist of Silurian schists, 
overlaid conformably by calc schists, which pass, im- 
perceptibly in places, into mixed strata of " griotte " 
(marble, with red and brown spots) and limestone, these 
being succeeded by a bed of pure griotte, which is over- 
laid by the shales of the coal measures, as shown on the 
i^ection. 

' The calc schist is distinguished as' of Lower Devonian, 
the mixed griotte and limestone as of Middle Devonian, 
and the pure griotte as of Upper Devonian age. Specimens 
of the various rocks are submitted. 

The manganese ores are found in the middle beds, or 
mixture of griotte and limestone. The deposit at Las 
Gabesses, so far as at present developed, is a mass having a 
length of about 60 metres (196*8 feet), and a width of about 
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fiO metres (164 feet)/ and is now opened to a depth of 
70 metres (229'6 feet). An interesting problem for mining 
en^neers is to formulate a reliable theory as to the forma- 
tion of this deposit, as an aocnrate knowledge of the mode 
of its deposition woold enable the resaarchas to be con- 
tinned in an intelligent and scientific manner. Other points 
of interest to practical man are : (1) Hoir to work a deposit 
of tiiis character so as to extract the ore with the 
least waste ; at the smallest expense ; and withonfe 
danger to the workmen. (2) How to handle and treat 
the ore for market. It will probably, in the first 
instance, be advantageons to quote a description by U, 
Mettrier, one of the State mining engineers of franco, 
who has had exceptional opportunities of studying the 
deposit from its first discovery : " II occape le fond d'ane 
Taste cuvette, large de pres de 200 metres, et y est 
reconvert par une ^paisseur de 8 il 10 metres d'argiles et da 
terres meublesj sons ces terres, la surface da carbonate, 
aiusi qne les parois des fractures qui descendent dans le 
glte, ont £t£ transform^ en ozyde friable, qui forme en 
divers points dea conches pen pnissantes, exploibSes de I8S1 
k 1890, surtont fk ciel ouvert, et en quelques points aa 
moyen de paits et da descenderies ; la production en ce laps 
de temps a $U de 5,000 tonnes environ de bioxyde ^ 40 oa 
45 J' de mangan^^e. Les parties oxydees sont aujourd'hui 
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C'est' anx niveanx de 14 et 18 metres que le gtte 
pr^sente ses plas grandes dimensions^ sons reserve bien 
entendn des d^convertes qne ponrra amener ^exploration 
des Stages inf^rieurs. A 18 metres, notamment, oil Pallnre 
est plus regnliere qa'^ 14 metres, en raison da pins grand 
eloignement de la surface, le mineral forme deux amas 
allonges de FEst ik TOuest, chacun presentant en moyenne 
50 metres de longnenr et 12 a 15 metres de largeur, avec^ 
une cloison separatrice de 6 d 8 metres d'epaisseur. La 
colonne septentrionale est inclin^e d'environ 45** vers le 
Sud, tandis que la colonne meridionale, limit^e an Sud par 
nne grande faille verticale, est elle-mSme sensiblement 
verticale, en sorte que ces deux colonnes n'en ferment plus 
qn^nne an niveau de 25 metres ; en outre, leurs axes sont 
inclines vers POuest, de fagon qu'en profondeur il fant aller 
chercher le prolongement du gtte toujours plus avant dans 
cette direction. On explore anssi, aux niveanx superienrs, 
diverses veines min6rales qui se dirigent vers F Quest et 
le Nord-Ouest et qui peuvent conduire k d^interessantes 
d^couvertes, soit le long de la grande faille Sud, soit vers 
le contact des schistes houillers qui surmontent an Nord 
r^tage griottique. La puissance de cet etage est d'une 
centaine de metres, et il est compris entre les schistes, 
houillers et les calschistes devoniens, schistes et calschistes 
plongeant fortement vers le Nord en parfaite concordance. 
La stratification des griottes intormediaires est an contraire 
ind^cise ; elles ferment fr^qnemment, h, la colonne min6rale 
le pins an Nord, un toit on un mur tres nets, plongeant i. 
POnest ou an Sud-Ouest, avec intercalation au contact du 
mineral de bancs de schistes noirs qui attestent la formation 
B^dimentaire du gtte ; mais sonvent aussi le carbonate passe 
an calcaire marbre par des transitions insensibles, ou bien il 
en est separS par des fractures incurv6es qui d^limitent plus 
on moins compl^tement des amandes de toutes formes et de 
toutes dimensions. Les bancs de schistes entourent aussi 
parfois ces amandes, et I'ensemble de ces caracteres, montre 
qu'on se trouve en presence d'une formation fracturee et 
boulevers^e en tons seiis, ne constituant plus aujourd'hui 
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qa'nDe Borte de maf^a dont lea ^Smeata pr^sentent i'AUnre 
la plus irrS^lidre." * 

* Traittlation.—lt oconpiea the bottom of t, large bawn abont 200 
metrea in di&meter Kud is covered by a thickneaa of eight to ten metres, 
of soil and loose earth. Beneath this the snriaoe of the oaibonata 
depodt, and also the sides of any fiMnio-joints in the deposit, hare beea' 
dumged into friable oxide whiah forma in some places thick beda.- 
, . . The deposit of carbonate is worked by means of eight levcds- 
at b. 11, 18, as, as, 30, a and S2 metres belotr the sorfaoe of the. 
basin with an adit level aOK netrea long which strilies Ibe deposit at 
the 62 metre level. The irregular nature of the deposit, and the veina 
and "horses" of conntiyrock whiolt it contains, causes the size and 
arrangement of these levels to be verj irregnlar. The deposit, as &r 
as now worked, is of the largest dimensions between the 14 and IS 
metre levels, but of course exploration at lower levels ma; show other, 
developments. At the 18 metre level especiallj, where the form is 
more regular than at tlie 14 metre level, in consequence of its greater 
depth below the surface, the mineral forma two elongated mosses eaeb' 
abont GO metres in lenj^h from east to west, and 12 to 15 metres in' 
width, with a "horse-" of marblo between them 6 to 8 metres iu' 
thiakneas. The northern mass or column is inclined abont 45 degrees 
towaids the south whilst the Boutbem column, which ia out ofi on the 
south hy a large vertical fault, ia itself almost vertical, so that the two 
columns join together and form one only at the 26 metre level Their 
aZM sUo dip towards the west, so that in depth the continuation of the 
deptiiiit must always be looked fur in this direction. There are also in - 
the upper levels several veins of mineral whioh run west and north- 
west, and which may lead to interesting disooveries either along the 
large fault on the sonth, or the contact of the coel schists which 
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* Mn Edward Hobper, M Jiisfc.M.M.^ who has also had 
an opportanity of studying the mines^ has furnished the 
Author with the following description and theory of the 
formation of the deposit :— -• 

J^rom tne cursory examination that I was able to make of 
the geological features of the deposit of Manganese ore at ** Las 
' Gabesses/' I am inclined to support the theory of *^ replacement,** 
aided by lateral secretion. 

In this process of " replacement " it is not supposed that any 
great cavity has previously existed, but that there has been a 
metasomatic deposi^on of Manganese by the agency of ore-bearing 
solutions, the general structure of the calcareous rocks being pre- 
served, while their substance was gradually replaced by the 
Manganese. 

J. F. Kemp, in his treatise on ** The Ore-Deposits of the United 
States," aptly describes this process of replacement as *' a circula- 
tion or percolation of ore-bearing solutions which exchange their 
metallic contents, molecule by molecule, for the substance of the 
rock mass." 

One of the characteristic features of this deposit is the absence: 
of -any. well-defined boundaries ; that is, the ore generally passes 
insensibly into barren material, except perhaps where a dividing, 
seam or selvage of talcose clay has probably acted as a barrier to 
the waters carrying the ore in solution. It may also be noted 
within the limits of the deposit that in many cases the rock is to 
some extent impreffiiatedt but not altogether replaced, by this 
Manganese ore. 

It has been satisfactorily proved that the purplish calc schists 
— which constitute the lower beds of the Devonian System and 
underlie this deposit to the South — contain small quantities of 
Manganese, and doubtless owe their peculiar colour to the prcEence 
of that mineral. 

The ** Simon " Adit, which was driven in a northerly direction 
through these calc schists, intersected a large open fissure at the 
southern boundary of the ore-body, from which a considerable 
amount of water still continues to flow ; and there are also other 
evidences of existing water-channels, which, however, appear to be 
confined to the southern part, or what may be termed the foot-' 
wftll of the deposit. 

In addition to these and other natural springs, the numerous 
basin-like depressions of the sur&ce, along the strike of the lime- 
stone and '* griottique " beds of the Devonian System, are 
sufficient evidences of the presence of underground streams or 
water-courses. The most noticeable of these depressions is thai 
. forming the mouth or oatlel of the '* Las Oajbesises " deposit The 



puBftge of the ore-beuiag Boliidoiu at this paitionlar poiat lias 
nndonbtttdly been usisted by the pratenw of fraetoies ia th« 
oiigiiul rock. 

Mr. Hooper's theory will probably acoonnt aatia&ctorily 
for all the peonliaritieB of the formatioD, hat it famishes no 
indication as to the extent of the deposit in depth or longi- 
tadinally. There is only one system of exploration open, 
and that is to follow the mineral wherever it goes. Tlie 
mines up to the present hare been worked by French engi- 
neers, and a series of levels have been driven at depths of 
8, 14, 18, 22, 25, 29, S3, 39, 45, 52, and 57 metres, shafts 
being sank from the surface at different points to the 25 
metre and 33 metre leTels, and an adit 203 metres in length 
driven to intersect the deposit at the 52 metre level. These 
levels were connected by numerons irregular holes in the 
nature of winding staircases, and there is one continoons 
connexion from the 52 to the 33 metre level for the remov^ 
of the ore. The levels themselves are most irregdlar in 
form, OS will be Been from the accompanying plane. It will 
also be noticed that these levels have been driven so close 
together that there is in most cases only 4 metres distance 
between the roof of one and the sole of another, and some- 
times even less. No stuping was attempted, all the ore 
being extracted from drifts in an expensive and wasteful 
manuer. Moreover, being thus honeycombed, the mroe was 
left in a very awkward condition to deal with in the fatdre. 
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slices or layers^ eaob Iiaving a vertical ihickness of about 
20 metres. At the bottom of eacb layer about 4 metres of 
solid groond is to be left intact to serve as a floor, which 
will support the debris as it is filled in to take the place of 
mineral stoped out. The 33 metre level has been selected 
as the foundation or floor for the extraction of the first of 
these horizontal slices of ground. A series of drifts^ more 
or less parallel, with branches therefrom, will divide tlie 
deposit into sections convenient for extracting and hand- 
ling the mineral. These drifts will be protected on either 
side by a substantial stone wall (0*90 metre wide), except 
where pillars of barren rock happen to form one or both of 
the sides, in which case the walling will not be necessary. 
The width of these drifts, or the space between the above- 
mentioned walls, will be Im. 40 rising to a height of 2m« 
10, when they will be covered with stout timbers, having a 
minimum diameter of 0*10 metre at the smallest end. 
During the construcbion of these drifts all open spaces 
between the sole and roof of the 33 metre level will be 
gradually filled up with debris ; and as soon as this is com- 
pleted the extraction of the ground above the 33 metre 
level will be proceeded with in the ordinary way. Chutes 
lvill be carried up, about 8 metres apart, along these drifts 
for the delivery of the ore from the various workings above. 

There are two shafts which can be made use of. These 
are shafts Nos. 5 and 6, and they will be utilised for the 
purpose of bringing down from the surface such debris for 
' '' filling-in,'' or rock for building walls, &c., as may be 
required from time to time. Now, as the upper portion of 
this deposit is more or less friable, being composed chiefly 
of binoxide of manganese, it is proposed to commence at 
the surface and work downwards, stripping off the deposit 
to its limits in horizontal layers. In this way the necessary 
debris for the filling up of the interior of the mine will be 
obtained, while the load of loose material above the 33 
metre level will be reduced, and the risk of any accident by 
subsidence minimised. 

The production of carbonate of manganese at present is 

about 100 tons per day, the ore being carried from the 

17 ' 
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"moath of the adit to the t^tin^ Icitiiq, sitoated in the 
nilej of the Nert, b; a cable tramway o£ the Otto-Fobli^ 
ByBtem, 1,600 metres in 1eiigth,'and having a fall of 2S8 
metres, or one in 6*72. The ore is roasted to drive off the 
carbonic acid in kilna similar to those nsed for Galnimng 
carbonate of iron. Plate XL shows the type of kiln employed, 
which consists simply of a cylindrical sheet-iron shell, open 
at both ends, lined with fire brinks, and resting on iron 
standards rather less than I metre in height. There are 
eight of these kilns at present in use. Althongh an 
extremely simple operation, the roasting requires greater 
skill and care than does that of carbonate of iron, as the ore 
has a tendency to elag. The fnmaces are so erected thafi 
~they can easily be got at from any side, and so that the air 
can hare free access to them. The details of constmction 
may be seen by reference to the drawing. They are 5 
- metres high, and 3 metres wide at the month. They each 
' have a capacity of 45 tons of raw material, bnt are charged 
' about SO to 60 centimetres higher than the month of the 
'kiln, the nominal capacity being thns increased by from 2 
to 3 tons. Under the kilns there is room for 10 tons of 
' calcined ' mineral, so that, from the gronnd to the top, they 
' hold aboat 55 tons of ore each. 

The way in which the kilns are charged is as follows : — 
About ten tons of calcined mineral, or raw material if 
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6f tBe kiln; and on the third day the material is drawn 
down a little in order to bring air into the kiln, and prevent 
the mineral becoming slagged into lamps. After having 
thus began to draw the ore and fael down, the kilns are 
filled to the top with layers of coke and ore alternately; 
When charging the kilns for the first time, only big piecea 
of ore are chosen, no small stnfE being admitted with it, 
so that the draaght may not be interfered with, as it is 
essential to have a good circalation of air. Once the kilns 
are in operation, the layers may consist alternately of large 
pieces and small staff. The whole of these layers mast be 
nicely arranged, in order to keep a constant draaght^ The 
third day after the kilns are filled, drawing is going on; 
that is to say, the bringing down of the ore at regnlar 
intervals, and fresh ore is added on top. When the kiln 
is in fall operation — say after the sixth day — there are 
three drawings a day and three at night, every foar hoars 
regalarly ; and by this means from 8 to 10 tons of calcined 
ore are drawn oat of each kiln in 24 hoars. When th9 
kilns are properly started, the working is very easy; and 
it only reqaires care and drawing and filling at regular 
intervals. The ore is broken for the farnace to pieces not 
larger than say from 4 to 5 inches sqnare, and the smallest 
stnfE pat in is of the size of walnnts. The proportion of 
the different sizes of material introdaced are as follows: 
fourteen wheelbarrows of large ore, with eight wheelbarrows 
pf small staff, to two wheelbarrows of coke. The layers 
follow each other regalarly, and are arranged so that in tho 
centre of the kilns, as well as at the sides, there is always 
big staff, whilst the small ore occupies the intermediate 
space; the large pieces of ore allow the air to circulate^ 
and form a kind of chimney; while the coke is spread oat^ 
%s regalarly as possible, and forms a thin cover over each 
layer of mineral. The proportion of coke used is from 
2 J to 3 per cent., by weight, of the raw mineral 

The loss in weight of the ore for the year 1893 was 
82 per cent, on the average, which may be regarded as m 
very good result, as the mineral contains from 83 to 3$ 
per cent* of carbonic acid. 
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Tbo Ore bb broken in the mine contains a conmderablo 
jnixtore of marble or barren matter, and consequently a 
system of cobbing and haad-pickiDg, both before and after 
oalcinatioD, has to be resorted to, in order to remove the 
.waste which would otherwiae serioosly affect the valoe of 
the oalcioed ore in the market. 

The picking of the ore before calcination is at present 
insufficiently done, owing chiefly to the lack of water and 
mechanical appliances. 

Most of the ore of " walnut " size is not assorted at all 
bat goes direct to the second class kiln. All large stuff is 
tipped at present on to a platform and washed by hand 
pump or syringa When the ore is of good quality, the 
sterile rock and second class ore are picked out, the 
remainder going direct to the first class kilns. When of 
lower grade, the barren rock and first class ore are picked 
out by hand, the rest being second class ore. All mineral 
having a preponderance of " siualls " is tipped on to an iron 
{grizzly (having spaces of 6 centimetres between bars), and 
the small stuff which passes between the bars is then classified 
by a trommel (holes 1'80 centimetre square), worked by 
hand, from which the " coarse " goes direct to the second 
class kilns without assorting, and the " fine " is loaded 
direct into waggous and sold as "raw product." The 
larger pieces which fail to pass through the grizzly are 
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purposes into first class calcined, second class calcined^ and 
"raw product/'. The average couteuts ains :-:- , 

.1st Class ,>. 50 to,54 per cent, metallic manganese. 
2nd Class ... 43 to 45 „ „ 

Raw Product 33 tb 86 






Plans are now under consideration wherebj the ore, 
before calcination^ will be handled more automatically, and 
it is expected that with better facilities for classifying the 
ore, the calcined product dratm from the first class kilns 
will require, but little aldsortinff. Therp. would bei «fc 
larger proportion of the first class ore, than at presieht. 

On account of the average size of the ore charged iniii 
the kilns as, first class being largei' than that which goes \^ 
the second class/ the calcination thereof is more rapid, 
which cau be easily understood, and, moregyery less coke 19 
used with the first- class than with .the second cliEtss ore.^^ > 

In conclusion, the following ' tables^ compiled froni 
trustworthy sources, are submitted, showing the compb* 
sition of various Manganese ores and the production thereof. 

Table I. gives analyses of Las Cabesses ore— not of 
specimens, but the average of sales of many thousand}} ol 
tons. 

Table II. shows the composition of Manganese ores from 
various other parts of the world. 

Table III. shows th6 Manganese production of the 
United Kingdom ; a poor record, exhibiting a great falling 
off in 1898 from even the small jproduction in 1892. 

Table lY. shows the production in Chili since 1885. 

Table V, shows the production of the World since 1888. 

Table YI. shows the weight of ore imported into the 
.United Kingdom during the years 1891 — 93* 

These figures indicate th& immense increase in the con- 
sumption of Manganese in the last few years, a consumption 
ever aagmenting; andit must be satisfactory to the great 
consumers to know that ther^.is sugh a magnificent deposit 
of the purest and richest ores at the easily accessible mines 
of Las Cabesses in the Pyrenees. 
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Bossia (CaucosuH) 
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11,000 
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mtisemn collections, and finil crystallized in cavities in other ores 
of manganese, but has a massive character, is more of a light 
brown than a pink Colour, and is certainly not what one would 
hfive expected to see as a massive deposit of carbonate of 
manganese.. So much was I impressed with this fact when I 
.visited the mines that I feel confident there tenst be similar 
deposits as yet undiscovered in other parts of the wprld where 
similar condition's prevail. As regards the origin of the deposit^ 
the explanation given by Mr. Hooper is, I should think, the 
correct one, for of course the carbonates of lime, magnesia, iron, 
and manganese are isomorphous, and will replace one another in 
any proportions. It is, moreover, a well authenticated faict that 
where die limestones of the Ohio petroleum region of America 
has becomid dolomitised, in other words, where magnesia has to 
sbme extent replaiced the lime, the limestone becomes more or 
less porous, and acts as a reservoir in which the petroleum can 
be stored, and prdbably the same piorosity would be induced by 
a substitution of manganese for part of the lime, so that when 
once this replacenient begins it is quite natural to suppose that, 
given the existence of water carrying manganese in solution, the 
complete alteration of limestone to diallogite would be the natural 
outcome. But this d6es not give us any clue as to the continua- 
tion of the deposit, and when Mr. Moreiiig says that the only 
course open to him is to follow what he has^-he has, in my 
opinion, said all that he can about it. We are quite unable to 
predict in what direction limestone caves will extend ; they open 
to large chambers, narrow down to holes through which one can 
hardly crawl, and again open out to vast halls at various levels, 
and no geologist and, I venture to think, no mining engineer has 
ever attempted to predict in what direction the next chamber is 
likely to be found, and the same remarks apply equally to the 
deposits of carbonate of manganese ill limestone. I have read 
with a great deal of interest Mr. Moreing's remarks about the 
method of working that he is adopting, and trust it will prove 
both successful and economical. It can hardly fail to be an im- 
( provement upon the former ridiculous system of working which 

has been described, and in which the nearest resemblance can 
be traced in a rabbit warren. There were drives everywhere, 
and stopes were unknown, while the miherid wad handled time 
after time until it eventually got out- of the mine by the 
&mon adit. 

Mr. A. G. Chablxton contributed the following remarksi 

which were read by Mr, G, E, Collins :-— 

Beferring to the geology of the distric,t, I note that the 
deposit of manganese described occurs in mietamorphic rocks of 
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DaToniui age, tad my own «xpenen^ ia other parta of tho 
FyntmA has bteo that tbia particular formatioiL carries the 
principal ore depoiits (silTer-lead and mm, as well as antimany 
and mangonaee} found np to data in that part of the world. 
With reference to the proposed method of working, I wonid 
venture to augf^at that in place of leaving tHe ground intact, 
below the drifts, which it is proposed to Jieep open by means of stone 
walling, it might be better and cheaper to drive the levels in the 
first inslanoe in solid ground, and leave a pillar above them, and 
removing tlie ore on top of the piUoM^ in horizontal siloes, 
dther by drifting stopes, and filling the spaces np from the foot- 
wall towards the hanging, or by the method pursued at the 
Chaplain Uine, Michigan, for example, known as rooming and 
filling. The ore being sufficiently firm to stand without 
timbering (in stapes 20 feet wide, eztendiag the full width of 
the ore body). The rooms are carried up by a series of stopes 
taken 9 feet liigh, and after the completion of each stope, the 
room is filled to within 4 feet of the back ; small cars being 
used to transport the rock filling, to avoid the expense of 
ahovelling. If pillurs were left overhead they would of 
necessity have to be pierced at intervals for passes to oom- 
manicate with the levels, whilst the waste would, of coarse, be 
introduced from above. Supposing the ore to have been all 
removed above No, 1 level in this manner, and No. .2 level 
driven, the same opeiutiona would be repeated above the pillar 
forming the roof of No. 2 drive, and the sh^aosrried upwards 
till idl the ore had been etoped out, np to the origiDal floor of 
Ho. 1 drive, which would eventually be replaced by "filling." 
I should fancy that unnecessary walling and timbering mi^t be 
saved in this way. I would also like to know if Mr. Uoreing 
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12 miles, and^ according to Dr. Foster^ are probably, 
all on the same bed. much faulted . and contorted* Bat. 
tiie more important deposits which I have in xnind are. 
^tnated in the sonth of Spain^ where they were discovered, 
by an Eoglis^ gentleman^ a member of this Institntion^ 
i^pparently abont the same time as the Pyrenees deposit J 
^d under yery similar conditions. The deposits, whidv 
are both large and nnmerons, are in every case the* 
': cores" left in the working out of the black pfide ores, 
into which their apper portions had been alter^ As. 
at Lap Cabesses, they were universally supposed to consist 
of barren rock, until examined by the gentleman of whom. 
I have spoken. They seem to be lenticular masses, situated 
along line» of weakness, and probably consisted originally 
of carbonate, which has subsequently been altered by 
siliceous solutions, and the outcrops oxidised by atmospheric 
agencies. The manganese mines of the Huelva district, 
as no doubt many here know, hnve usually more the 
character of veins, and are specially remarkable for their 
veinstones of red jasper. This, perhaps, only represents a 
further stage in the silicification of which I have spoken. As 
already stated, the deposits are latrge. In one case, I think, 
ihe exposure — at the contact between porphyry and slates 
-—measured 100* by 40 feet. The conditions as regards 
transport, &c., are distinctly favourable, so that they ought 
to be able to compete successfully with the Pyrenees 
deposit, but for one serious drawback. The average Mn. 
contents are about the same— about 40 per cent. raw. The 
silica, however, varies from, say, 12 to 20 per cent, and even 
higher; and this, of course, would be increased by cal- 
cining. Hand-picking would, no doubt, reduce it, but it 
would certainly remain much more siliceous than the Las 
Cabesses ore. Another drawback is the high percentage of 
phosphorus — about 0*20. This may, however, be produced 
by infiltrations from the surface soil, and, if ao, .would 
doubtless lessen on getting deeper away from it^ influence^ 
Judging from the descriptions received the deposits could 
in most cas^s be worked by open-cutting. As will be seen 
Irom th^ thr^e little specimens which I have brought, th^ 
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ores show the most oliarming variety in ' appesranoe, and 
also rary considerably ia mineralogical compositioii, the" 
moat common being the silicates tet^hroite and rhodonitej- 
md the carbonate dUUpgite: I shoiild mention that the' 
geotlemsa who discovered the deposits tboaght the latter 
■a alteration prodact from the former,and thfat the silicates 
Were of igaeoaB origin; In this connexion it wOnld'be 
ihterestiDg to know more exactly the mineralogitial com-' 
{Position of the Las Cabesses ore. Mr. Moreing speaks' 
only of diallogite, 

Hr. Albkbt CiLVKSTsent the followiag'remarksj Whioll' 
were read by the Secretary : — 

In reference to Mr. Ubreiag's interestiiig i«per, manganese 
is a much more common mineral than, perhaps, the Rnthor d- 
this paper ironld lead ns to aoppoae. It would not be beyond, 
the sphere of poMibilitieii to pre at least a thoqsand localities. 
It is generalljr treated by goli, |il«er, tin, and cppper miners bji, 
a worthless mineraL Muiganess has the greatatt affinity for' 
oxygen, and, therefore, it is the natural conseqaence on tb«^ 
' lightest sar&ce decomposition that the carbonatea ekonld be' 

replaced by osides. The author lays " an interestinfi protden^ 
far mining engineers is to fonnolato a reliable theory as to the 
forrontion of this deposit, aa an aconrate knowledge of the mode 
of its deposition would enable the losearcheB to be continned' 
in an intelligent and eoientific manner." With regard to Una 
theory, it was amply handled and exhanstively dealt with bf 
my grandfatber in his works between forty and fifty years ago^ 
when lie explained the laws governing the mineral solutions. 
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mentioned was the correct ore, thougli lie would Uke 
io have had a little more information as to the proportionate 
amount of iron existing with these deposits. Beferring 
once more to the question of ihe deposit of carbonate of 
manganese of the kind mentioped by double decomposition^ 
it would be in tores tmg to know what the full analysis of 
this mineral was, his impression being that the proportion 
was pretty much as 5 of manganese to 4 of carbonic acid^ 
He was much struck by the similarity of the two lenticular 
deposits with the great deposit of cinnabar ore in Almadeiu 
TherOj there were two lenticular deposits at the surface^ 
which gradually inclined towards one another, ultimately 
pieeting at a considerable depth. Mr. Moreing had also 
spoken of the various centres of supply of manganese^ 
and had referred to ChiU as being the chief one. He 
thought the Caucasus had been for some time the chief 
source of supply of rich manganese. Some of the ore was 
exceedingly rich, but the difficulty in Russia of getting 
capital, and the still further difficulty of getting trustworthy 
people to deal with, had prevented many of the deposits 
£rom being opened up. The Russian proprietors were not 
able to deal with the mines themselves, and what with thip 
difficulties of satisfying the tax-gatherers, &c., many of 
them had been left undeveloped^ and some had been 
abandoned. 

Mr. Joseph Garland said the author's subject was one 
of peculiar intereist, and it could hardly be doubted that 
many members of the Institution knew very little about 
these remarkable deposits. The paper contained a good 
deal of information respecting the discovery of the deposits 
and the old mode of working them, which seemed rather 
an absurd one. He would have been glad, however, if 
ia few more particulars had been given. The author 
had not, for instance^ told them where the chief 
markets for the calcined ores were^ nor upon what 
l)asis the various classes of ores were sold. Mr. Moreing 
had given a tempting opportunity to formulate a 
theory of deposition^ but had himself hesitated^ with 
liis knowledge of the district^ to form one, simply 
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approving of that of Mr. Hooper. ,The author h^ 
st&ted his opinion that &n accarate knowledge oE the 
mode of deposition enabled researches to be con- 
tinued in an intelligent and soiontiGc manner; but 
irss the conrerse true F Aad conid not researches bo 
carried out in an intelligent and actentific manner without 
a knowledge of the mode of deposition ? It was not neces- 
sary for the iotelligent and BcientiGc working of a deposit 
that the mining engineer should know how the deposit gob 
there. Mr. Moreing himseir had stated that the only 
system of exploitation open was to follow the mineral 
wherever it went. 

Mr. Jahes M&ctbab said that in the decomposition of car* 
Iwnate of lime and manganese solutions thore would be a 
very great difference in the bulk of the resulting carbonate 
of manganese compared to that occupied by the carbonate 
of lime. Carbonate of manganese would occnpy much less 
bulk. Supposing they had a small spring coming up, the 
passage through which the spring came would become 
groduallf larger. There would be a constant widening out 
of the passage of the carbonate of manganese, and the pre- 
cipitate thus formed was very curious. It settled down 
apparently into a very hard dense mass, very much re- 
sembling London chalk. This mass, which appears to be 
perfectly solid and perfectly hard— quite hard enough to 
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' these diBpoi^its were worked, any explanation which could 
be offered would her very interesting. 

Mr. Pebcival Fowler congratulated the Institution upon 
the reception of so interesting a paper upon a subject which 
to all of them must be comparatively new. The author 
had carefully abstained from giving any details as to the 

' economic workings of the company with which he was coA- 

' nected, and probably there was some reason for this. Mi*. 
Collins had referred to other deposits which coul3, 
perhaps, be worked more economically, and they would like 
to know where these were situated. As far as he could 
gather, these deposits contained 20 per cent, or 25 per cent, 
of silica. In the course of his professional experience He 
had frequently come across what he had thought to be 
splendid deposits of manganese, but upon analysis they 
had always proved to be too full of silica for practical 
nse. The ores of Chile and the Caucasus gave an average 
of about 7 per cent, of silica, which was generally cod- 
ceded to be about the limit of workable first-class 
ore. Spain and Portugal had yielded ores of from 
8 to 10 per cent., and other countries in varying 
proportions up to 24 per cent. In dealing with these ores 
he should wish very much to know whether there was a 
market for any which contained over 7 or 8 per cent, of 
silica ? Deposits of manganese occurred, io fact, in many 
countries, but were always rendered commercially valueless 
by the large proportion of silica. He would like Mr. 
Moreing to tell them whether the ores with which he had to 
deal contained just about the limit of silica which is allowed 
by the large buyers of manganese in this country. He 
might also tell them what he did with the slag, lime, &c., 
whether that was a sort of product which he added to the 
ore and received payment for, and whether it was 
deleterious or not. He congratulated Mr. Moreing on 

* the method which he had adopted in driving the levels in 
the way in which he had done. In conclusion he would ask 
the author whether the walling he had referred to was only 

-on the hanging wall, which he held out as being .a 
dangerous part, or whether it was> necessary on all the 
sides except the footwall. 
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lie. Q. E. CoLUXs said the amonnb of wMo^ in tlu 
deposits of which he had spoken varied from 12 to 20 per 
cent.* /He understood that the oommercial ralae was not 
under discnssion at present, bnt only the technical aspect of 
the question. He had been stmck with the similarity in 
the mode of formation and mineral contents, bat had pointed 
out how the high percentage of silica wonld handicap these 
ores in competing with those of Las Cabesses. He 
thoDght, however, that as a matter oE fact the limit was 15 
per cent., with a fine above that to 20 per cent. : this was 
certeinly the case some years ago. 

Mr. UoRiiKO expressed his belief thai great tronble 
would be experienced in selling ore containing over 7 per 
cent of silica, 

Mr. Mactsab said there was no donbt that ores of 
difFereot claeses coald be sold becanse they were need for 
more than one purpose. He bad himself nsed ore which 
contained a great deal of silica, for the reason that he got 
it cheaply, and the silica being there in the form of sand 
helped to make the ore more easily absorbent, and the 
manganese per nnit cost mnch less. The manganese 
market now-a-days was practically altc^ether for steel- 
making. 

Mr. Clauuk YAunii asked if the value of the fine 
material would not be increased by submitting them to 
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for a description of it to be given, and, accordingly, they 
mnst hope to have that at some fataro time. Some further 
details as to the scarce of sapply of the coke used and the 
price of it would have been interesting, as also whether 
the marble, of which there were samples on the table^ had 
over been successfully worked ; but the points arising out 
of the discussion were already so numerous that he feared 
to impose a further burden upon the author. 

Mr. MoRBiNG : I am very pleased to find that my paper 
has called forth so many interesting remarks. I had better 
proceed to answer seriatim, as far as I can, the various ques- 
tions and points which have been raised. With regard to 
Mr. Charleton's remarks, he rather finds fault with my 
method of working the mine, and points out what he con- 
siders a better method ; but I think he has failed to grasp 
the fact that the mine was already worked, and that I did 
not drive the levels to which I have referred, but found 
them in existeuce. When I took charge of this mine the 
33 metre level was exactly as it is shown on the plan, and I 
had to fit in the new system of working to utiUse the old. 
Consequently, all Mr. Charleton's very excellent methods 
for dealing with a new mine are totally inapplicable in this 
case. Then Mr^ Charleton also draws attention to the fact 
that I have failed to give figures as to the cost of extracting 
the ore, what it is sold for, who it is sold to, and all the 
other matters connected with the commercial aspect of the 
business. I need not say that I have purposely avoided 
giving any details on this subject, as it is entirely a matter 
for the directors of the Company. I, as their technical 
adviser for working the mine, am not going to give to the 
world their private business as to where their markets are, 
and as to what they are making. There are many com- 
panies and many private owners who would be perfectly 
willing to allow us to examine their mines and read paper3 
for the general instruction of everybody, as to the forma- 
tion, &c., but they would not be inclined to let us 
investigate their books and tell the world what they are 
making. Mr. Collins seems rather to have confounded, if 
he will allow me to say so, the silicate qf manganese with^ 

18 
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tbe carbonate of mangaaese. I specially say ia my paper 
l^t these are the only minea of carbonate o£ maogaiiese. 
I kaow there is plenty of silicate of manganese, bat 
silicate of manganese, as yon all know, is an absolutely 
worthless material — from the point of view of the iron 
smelter, at any rate — and I mast still insist, in spite of Mr. 
Collins'a remarks, that these are the only mines in the world 
now worked for carbonate of manganese, and in fact the 
only mines discovered. Mr. Collins states that the Spanish 
ores contain 20 per cent, of silica, consequently they are 
worthless for the large trade in manganese for iron pur- 
poses. As regards the carbonate of manganese in Wales, 
the tables which I hare given show that there i^ no man- 
ganese of any importance being worked in this country. 
The whole production of England is only 800 tons, and 
these specimens on the table show some bands of carbonate 
of manganese, bnt the ore is worthless. If it was not 
worthless, Mr. Collins would probably pnt it on the market 
on a lai^ scale. 

Mr. CoLUHS : It is worthless just now. 

Mr. MoRZiNo: With regard to Mr. Collins'a remark 
about the amount of ailica which is permissible from the 
commercial point of view, I think he ia rather behind the 
age on that subject, because now-a-days, owing to the 
discoveries of pure ore at these mines, and owing to the 
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foaud in all parbs of the world ; bat Mr. FovirlBr hit tho nail 
on the head when he said that we all knew of lots of 
manganese, bat when we came to look into it we always 
foand too mach silica or too mach phosphoras to make it 
commercially valuable. What I referred to in my paper 
was carbonate of manganese only — not these oxides, which 
everybody knows are widely distributed. I now come to 
Mr. Mactear's remarks, which to me were most interesting, 
because I, in conjunction with Mr. Hooper, worked out the 
theory of the formation of the deposit ; but I thought it 
was only right, as he had given a great deal of help to me, 
to let him have the credit of the theory rather than take it 
myself. Of course, we are not metallurgists; we are only 
mining engineers, and are engaged in the practical part of 
mining. We arrived at these theories from studying other 
mines and from reading the works of various authorities 
and applying their theories to what we have seen. I am 
sorry that I cannot answer some of Mr. Mactear's questions, 
especially with regard to the amount of iron in the ore, 
or as to a full analysis of the ore. I was very much 
interested in what he said about the similarity of the 
deposits at Almaden and Las Cabesses. He has pointed 
out the probability of the continuation and richness of these 
deposits below the present explorations. Of course, it is 
impossible to say how far this deposit is going down, it 
may at any moment come to an end ; but Mr. Mactear has 
pointed out that Almaden is very similar, and that it has 
largely increased in size and richness in depth. We are 
now down something like 20 or 30 metres below the adit. 
We are in splendid mineral, and the carbonate ore appears 
to bo richer than the Qre higher up, so that I have great 
hopes now that we shall have the same experience as 
Almaden ; and that, instead of coming to an end^ we shall 
gradaally open out into even larger quantities, and that the 
ore may be of even better quality — at any rate, containing 
a higher percentage of manganese. Mr. Mactear seemed 
to think that I was wrong in saying that the main source 
of supply was Chili, and suggested the Caucasus as being 
the main source of supply. 
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Mr, Macteab : I spoke of the riobnesa of the snpply. 

Mr. MoBKiMO : I think there ;oa are wrong, and that 
yon will find that commercially tho Chili ore ia richer and 
purer than any ore that comes from the Caacasns. In fact, 
if yon look at the commercial bnainess of manganese to- 
day, I believe I can say that the Cancasus ore cannot 
compete with the ores from Chili. The Chili ore fetches 
a higher price, and is always taken in preference to any 
ores from the CdacasoSj even at a higher price, not because 
it contains perhaps a higher percentage of manganese, bnt 
because it contains less silica and leos phosphorus, bnt the 
Chili ore is again less pure than the calcined ores from these 
French mines. These latter are nndoabtedly at the present 
time the pnrest ores in the market, and there is nothing 
known at present that can compete with them. Mr. Giar- 
land was one of those gentlemen who wanted to know too 
much. He wanted to know the price, the markets, 
and all that sort of thing, which I mast decline to 
give him. Then he disagreed with me for saying that 
the researches would be more likely to continue in a 
scientific and intelligent manner if we knew how the 
deposits came there. I think he rather misunderstood what 
I meant with regard to that. What J. intended to imply 
was that the extensions of the deposit could be more 
intelligently sought after by knowing how the manganese 
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varioas parts of the world. The trouble, as he says, is 
that they nearly all contain silica and phosphoras and that 
the only marketable ore now-a-days for blast-farnace pur- 
poses is a pure ore. He also wanted to know how we got rid of 
the lime, and insinuated that possibly we had a way of 
putting it into the ore and sending it off to market. I 
may tell him that even if we did this, which we do not, 
it would do no harm ; in small quantities it would not be 
deleterious, bat of course in large quantities it would bring 
down the percentage of the ore and affect the market 
value to that extent. He also asked me to explain about 
the walling. The walling is only to keep the mainway 
open — not to support the walls of the mine. Mr. Vautin 
asked about the fine material, and Mr. Mactear also referred 
to this point. There is no doubt that that fine material 
could be effectually roasted or calcined by means of re- 
volving furnaces, or by furnaces such as are used for 
roasting ores at the silver mines in America, but fortunately 
we find that we can sell the whole of that fine ore in its raw 
state to blast furnaces in the immediate neighbourhood, and 
consequently there is no advantage in putting up works to 
calcine it. The only other remark, I think, was that made 
by the President, in which he asked about the price of the 
coke, and where it comes from. The coke which is small 
and of the very cheapest character, is obtained from the gas 
works at the nearest town. I do not know exactly what 
the price paid for it is, but there are several large towns in 
the neighbourhood, and we find no difficulty in getting any 
quantity of this small coke at a very low price. 

Mr. Moreing concluded by exhibiting some of the 
various specimens of ore, and explaining their various 
characteristics. 
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THE INSTITUTION OF 



MINING & METALLURGY. 



STATEMENT OF FUNDS, 
28th February 1893. 



£ s. d. 

Cash at Bankers, and in hands of Hon. Secretary, as 
per annexed Statement of Beceipts and Pay- 
ments for the year ended 28th February 1893.. S77 19 8 

Add. 
Sundry Debtors — not including arrears of Subscriptions 

and Entrance Fees 200 



897 19 8 



Deduct. 
Creditors 50 00 



Accumulated Fund, 28th February 1893 •• £847 19 8 
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Jr. Statement of Receipts and Payments 

To BxcxiPTB — viz. : £ t, d. £ I. d. £ s. J. 

Snbionptioiu— 

Life Memben 13 

Members 313 12 

AsBodatei 63 

StudenUi 39 8 

878 

Entnuice Fmb 833 8 

Interest on Deponta Ill 

702 9 1 
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for the Year ended 2Sth February 1893. Cr. 

By PAYMENTS^viz. : £ 5. d £ 5. <2. £ 9. d. 

Salaries 53 

Hire of Offices, Bent of Booms, 

<S:c 13 3 6 

Printing, Stationery, <S:c 81 16 11 

Transactions 73 1 7 

Postages and Telegrams •• •• 87 4 

Travelling Expenses •• •• 4 3 11 

Gratuitie 2 3 7 

Guests at Inaugural Dinner and 

Befreshments at Meetings .. 89 10 9 

Expenses of Concert : Bepayable 

by Guarantors 20 

Bank Charge 8 10 

324 9 5 

By Balance, 28th February 1893— viz. : 
Gash 
At Bankers — 
On Current Account •• •• 128 3 7 

On Deposit Account •• •• 200 

328 3 7 

In hands of Hon. Secretary— 

On Petty Cash Account •• .. 11 5 9 

On General Account •• •• 88 10 4 

49 16 1 

377 19 8 

£702 9 1 

*— - ■- 

Examined and found correct, 

WOODTHOBPE, BEVAN A CO., 



. Auditors. 

ChABTEBED AcCOUlffTANTS, 



IiONDON, 25th July 1894. 
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THE INSTIinTION OF 

MINING & METALLURGY. 



STATEMENT OF FUNDS, 
28th February 1894. 



Ctah. at Bankers and in the hands of the late Hon, 
Secretary and the present Secretary, as per 
annexed Statement of Receipts and Payments 
for the year ended 28th February 1894 •• •• 498 3 11 



Add. 

Sundry Debtors, not including arrears of Subscriptions 

and Entrance Fee 20 



518 8 11 
Deduct. 
Sundry Creditors 160 8 



Accumulated Fund 28th February 1894 •• £858 11 
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§r. Statetneni of Receipts and Payments 

& s. a. £ s. d. £ t. d. 
To Bai-akcx, afi p«r ftocoout, 28th 

FebiiiM7 1BB3 .. 377 19 S 

To Bkceifts— Tu. : 
Subscriptions — 

Life Membera 31 

Memban 186 18 

AMOCiate 87 4 

StndenU 88 9 

366 19 

Entrance Fees 60 18 

Inteiest on Depoaita 8 3 1 

830 IB 1 
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for the Year ended 7&th February 1894. Cl\ 

By Payments— viz. : £ 5. (2. £ 5. (2. £ 5. d. 

Salaries 72 10 

Hire of Offices, Bent of Booms, &c. 15 12 11 

Printing, Stationery, &c 82 1 6 

Postages and Telegrams •• •• 19 19 8 

Travelling Expenses •• .. 6 18 

Gratuitie 1 17 11 

Hefreshments at Ordinary Meet- 
ings 17 

Bank Charges • 11 2 

216 14 10 

By Balance, 28th February 1894— viz. : 

Cash— 
At Bankers — 

On Current Account •• •• 148 16 4 

On Deposit Account • • • • 200 

848 16 4 

In hands of the late Hon. Secretary — 

On Petty Cash Account • • 17 8 7 

On General Account • • • . 126 6 9 

148 16 4 

In hands of Secretary — 

On Petty Cash Account •• 12 8 



493 3 11 



£708 18 9 



Examined and found correct, 

WOODTHOBPE, BEVAN & CO., 

London, Ihih, July 1894. 



Auditors^ 

Chabtebed Accountants, 



J 






I 



• 



i: 






■ 



Li 






;\^ 



'I 

r. 



( 287 > 



INDEX TO VOLUME II. 
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IllMlrGthg Mr. H. L. LawMuee't Paptr en "THE DREaSIM OF ZINC-BLEHDE OPEB." 

Plate.ll. 
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HluttHilliig Mr. M. L. LttWreiM'9 Paptr m " THE DREaaiHB Of ZIHO-BLCMDB ORES. " 

Plate .IV 



DIAGRAM IV, 
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Plate V. 





Perspective Sketch cf a No. 3 Sampler, with one of the 
Sample Boxes removed. 



niuttratmg Kr. C. A. Henlng-t Paper en "WE MAMOAHEti MllUa OF LAS CABiSBCS." 
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niiutntliig Mr. C. A. Hwting-t Papsr on "THE MAHeAHiSe MIKEa OF LAS CABESBeS." 

Plate VIII. 




lUuBiraimg Mr. C. A. Moning'a Paper on "THE ¥ANQAN£BB MINES OF LAS CABE88ES," 
PlateX. 
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fhntfing Itr, Q, A. Moreing'B Paper on "TM£ MANQAN£$£ MINES OF LAS CAB£SS£S. 

Plate XI 



»i 



Section o^RoAsr/NG Kiln. 
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